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Abstract 
Surgical trainees experience significant intraoperative stress, which can negatively impact 
performance and learning. Psychological resilience suggests why some individuals excel 
despite severe stress. This study explores the relationship between trainee resilience and 
intraoperative stress. A novel instrument was developed to assess Surgical TRainee 
Experiences of StresS in the Operating Room (STRESSOR). Focus groups and a literature 
review identified eight domains of intraoperative stress. STRESSOR was used in a survey of 
orthopaedic residents in Canada and surgical trainees at Western University. Resiliency was 
assessed using the 10-item Connor-Davidson Resiliency Scale. 171 responses were received 
for a 38 percent response rate. The STRESSOR instrument had strong reliability and 
construct validity using confirmatory factor analysis. Increasing resilience correlated with 
lower intraoperative stress. Trainees with higher stress or lower resilience were more likely 
to have considered leaving residency. Resiliency training may reduce intraoperative stress, 
potentially improving surgical performance and learning while reducing resident attrition. 
 
 
Keywords 
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Chapter 1  
1 Unpacking the Literature on Stress and Resiliency: A 
Narrative Review Focused on Learners in the Operating 
Room 
1.1 Introduction 
The operating room is a high pressure environment where errors can have significant 
consequences. Surgical trainees experience marked stress during surgery, with potentially 
adverse effects on performance and learning. While researchers have measured 
intraoperative stress in surgeons, little is known about stress coping strategies and the 
influence of psychological resilience in surgical trainees. The purpose of this narrative 
review is to explore the literature on the dynamic relationships between individual stress, 
coping strategies, and resilience in the operating room. A greater understanding of the 
interactions between stress, performance, learning, and resiliency will provide directions 
for further study and provide practical solutions to remedy the adverse effects of stress on 
performance and learning in surgical trainees. 
This narrative review will highlight major studies and synthesize the literature across a 
variety of disciplines including psychology, surgery, and medical education. We have 
identified four interlinked concepts: 1. Stress in the operating room, 2. The effects of 
stress on performance and learning, 3. Coping mechanisms, and 4. Resiliency. An 
examination of these four major themes will open a greater understanding of the 
perspectives of surgical trainees and how to improve intraoperative performance and 
learning. 
 
1.2 Methods 
This paper presents a framework to understand stress and coping in the operating room in 
surgical trainees, particularly in relation to individual resilience. Our purpose is to 
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summarize and synthesize the literature across several fields including medical education, 
surgery, surgical safety, and psychology. This review is non-exhaustive and explores the 
relationships between stress, performance, learning, coping mechanisms, and resilience, 
with a focus on learners in the operating room. By drawing on concepts from multiple 
disciplines, we have synthesized a discussion of stress and resiliency in surgical training. 
A three-step process was used to develop and refine the literature and concepts present. 
Initially, the authors (RN and SC) met and identified research fields upon which the 
review would focus, including medical education, surgery, surgical safety, anesthesia, 
workplace ergonomics, and psychology. PubMed and Google Scholar were then used to 
identify significant literature relating to stress in these fields. In the second step, RN and 
SC met to discuss the recurring concepts in the literature, and a more in-depth search was 
performed including a review of the references of relevant sources. A greater emphasis 
was placed upon articles focused on surgical education. In the third step, the articles 
identified were examined and thematic groupings and relationships between themes were 
refined to develop this narrative review. 
 
1.3 Stress, Stressors, Performance, and Learning 
1.3.1 Stress 
In order to understand the relationship between individual stress, coping strategies, and 
resilience in the operating room, we first must define what stress is and understand its 
effects on performance and learning. Stress has been defined as the body’s response to 
physical or psychological demands.1 These demands, whether real or imagined, are 
conditions or events which are termed as stressors when they induce a stress response.2 
The human body attempts to maintain physiological homeostasis in response to 
constantly changing internal and external stressors, a response which was termed the 
“general adaptation syndrome” by Selye in 1950.3 This response is mediated by the 
autonomic nervous system and hypothalamic-pituitary-adrenal axis and involves 
molecular, physiological, cognitive, and behavioral changes.3 Selye also recognised that 
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individual responses to stress can be highly variable and defined the distinction between 
positive “eustress” versus negative “distress”.4 
The emotional response to stress was further explored by Lazarus, who described the 
experience of stress as being highly dependent on one’s cognitive appraisal of a potential 
stressor.5 Situations may be assessed as stressful based on a primary appraisal of whether 
there is any potential risk, and then classified as harm/loss, threat, or challenge based on a 
secondary appraisal of one’s situation and perceived capabilities or resources. An 
individual’s effort to reconcile taxing perceived demands with available resources is the 
process of coping.6 The emotional experience of stress is influenced by the cognitive 
appraisal of a demand and the coping response, leading to why some stressors are seen 
positively (as a challenge), while others are seen negatively (as a threat or harm).7 
Therefore, stress is a dynamic process which is influenced by personal and situational 
characteristics including one’s emotions, self-esteem, and resilience.8 Individuals may 
experience markedly different emotional experiences of stress, even if the stressors in a 
situation appear externally identical. 
1.3.2 Stressors in the Operating Room 
The task of performing surgery is demanding and stressful, requiring sustained attention 
to detail while performing intricate tasks.9 Surgical trainees face the challenge of caring 
for patients while learning technical and non-technical skills in an environment that can 
be intimidating. The effective management of intraoperative stress is important for 
developing surgical competence and ensuring patient safety. The causes of stress in the 
operating room have been previously examined in two studies through qualitative 
interviews of surgeons and surgical trainees. Wetzel et al.10 carried out qualitative semi-
structured interviews of consultant surgeons and surgeons in training in London, UK and 
identified themes for the causes of intraoperative stress and stress responses. Anton et 
al.11 surveyed surgeons and residents at a single centre about stressors and stress coping 
strategies in the operating room. Both of these studies highlighted that the intraoperative 
stressors may be divided into general categories including fatigue, disruptions, teamwork 
4 
 
 
 
issues, time pressure, a complex surgery, a high risk patient, or surgical complications. 
As well, surgical residents and fellows self-reported that “issues with attending surgeon” 
were a significant source of stress in the operating room.11 Respondents in both studies 
highlighted that stress in can have a detrimental impact on surgical performance, 
including adverse effects on technical and non-technical skills in the operating room. 
1.3.3 Performance 
There has been extensive study on the effects of stress on performance in the workplace. 
Stress at moderate levels can encourage peak performance but high levels of stress lead to 
impaired performance as demands outweigh the perceived resources to cope. This 
inverted-U-shape relationship between stress and performance is known as the Yerkes-
Dodson Law (Figure 1-1).2,9,10,12 It was adapted by Nixon in 1976 to be termed the 
Human Function Curve.13 This intuitive visual highlights that a moderate amount of 
stress is beneficial to achieving optimal performance (eustress), but excess stress is 
detrimental to performance (distress). 
Figure 1-1: Yerkes-Dodson Law. Adapted from Yerkes and Dodson, 1908.11 
Subjectively, surgeons have noted that small amounts of stress can be beneficial in aiding 
concentration and focus.14 Moderate stress levels associated with an in-training 
examination have also been associated with improved technical performance in surgical 
Stress 
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residents.15 However, surgeons self-report that high levels of stress are detrimental to 
performance, with impaired dexterity, judgment, decision making, and 
communication.10,11,14 Moreover, surgeons have admitted that mistakes are more likely to 
occur during high stress, and 40 percent of surgeons reported witnessing an intraoperative 
complication directly related to surgeon stress.11 
Arora et al’s systematic review of the literature on the impact of stress on surgical 
performance in 20109 highlighted many studies correlating impaired performance with 
the presence of stressors such as fatigue16–19, disruptions20–26, time pressure27, and 
teamwork issues28–31. Tests of sleep-deprived residents and surgeons have shown marked 
decrease in cognition, memory, and simulated surgical performance16–19. Multiple studies 
have demonstrated that intraoperative disruptions are associated with worse 
intraoperative performance, including increased time for task completion20–24 and higher 
error rates20,22,25 in simulation settings as well as observed surgeries26. Time pressure has 
been demonstrated to be the greatest source of subjective stress during a simulated 
laparoscopic task32,33, increasing the rate of both skill-based and knowledge-based 
errors.27 In the dynamic and high-risk environment of the operating room, poor 
communication between team members can compromise patient safety30 and has been 
linked to higher rates of surgical error28, complication, and mortality.29,30 Similarly, 
disruptive behaviour amongst surgeons is associated with increased surgical errors31 and 
a negative impact on patient safety.34 
Although specific stressors have been shown to have deleterious effects, there is limited 
literature concurrently assessing stress and surgical performance.9 Surgeons report that 
stress impairs technical performance, including “feeling shaky, clumsy, less dexterous”.10 
In laparoscopic surgery, elevated measures of stress and impaired stress coping strategies 
have both been linked to less economy of motion and more technical errors.35,36 Critical 
attending-trainee interaction has been shown to impair simulated laparoscopic tasks and 
increase stress as measured by the State-Trait Anxiety Inventory (STAI), salivary 
cortisol, and mean arterial pressure.37  
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The effects of stress on non-technical performance have been studied by surveying 
surgeons, with multiple studies reporting that stressful situations can impair 
communication and decision-making in the operating room.10,14 Leblanc has highlighted 
the effect of stress on non-technical performance including the negative impacts on 
attention, working memory, memory retrieval, decision making, and group 
performance.38 Stress depletes an individual’s attentional resources39, resulting in an 
increased focus towards threat-related information and less attention to other areas.40 
Therefore, in high-stress situations attention is diverted towards addressing the source of 
stress, which impedes performance if the stressor is peripheral to the task at hand 
(distracting).41 Similarly, Starcke and Brand reviewed the psychology research that has 
consistently shown that elevated stress negatively affects decision making.42 This results 
in an increased use of automatic responses and an impairment of higher-level cognitive 
performance, with a greater focus on short-term rewards and a neglect of long-term risks. 
Therefore, elevated stress has significant adverse impacts on technical and non-technical 
performance in the operating room. 
1.3.4 Learning 
The impact of stress on learning has been studied both within and outside of medicine. 
Stress has been shown to impair working memory and memory retrieval, which can 
impair the recall of information or skills.43,44 In contrast, stress and elevated cortisol 
levels are associated with increased memory formation and consolidation.45 This is 
particularly true of emotionally laden information such as highly pleasurable or 
unpleasant experiences.46 However, excessively high levels of acute stress or chronically 
high stress levels have both been shown to be detrimental to learning.47,48 
The influence of stress on learning is highly contextual. Learning is increased if the stress 
is experienced within the context of the learning episode and if the learning is related to 
coping with the stressor. In contrast, learning is inhibited when the stress is not within the 
context of the memory - when stress is experienced before or after the learning 
experience or if the stress is not related to the material being learned.48–50 Therefore, 
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learning can be enhanced with contextual stress, but distracting stress will increase 
memory of the distraction instead of the material to be learned. This demonstrates that a 
resident in the operating room who is being berated for making an error is more likely to 
remember the more emotionally laden and threatening stressor (being berated) than the 
learning from the error.  
Learning under appropriate stress increases memory consolidation and promotes the 
development of stress adaptations – a process known as stress inoculation. Individuals 
who train under moderate stress learn to perform better under stress through the 
development of coping mechanisms, with decreased physiologic response to stressors and 
more accurate expectations of performance.51 Crewther et al. demonstrated that novices 
learning simulated laparoscopic tasks experienced less stress (both objectively and 
subjectively) as they became more skilled and experienced. This reduced stress was still 
evident when subjects were retested eight weeks later, demonstrating retention of stress 
adaptations.52 As well, gradually increasing the intensity of stress as learners progress in 
phases from an unstressed conditions to low-fidelity training to high-fidelity training has 
been shown to be beneficial to the development of stress adaptations.53 
This supports the concept that learners may benefit from experiencing contextual stress 
while training in the operating room, but stress which is non-contextual or excessively 
high is distracting and impairs learning. Teaching residents to operate under appropriate 
conditions can improve their ability to function under similar stresses in the future 
through the development of stress adaptations and coping techniques. 
 
1.4 Coping with Intraoperative Stress 
When surgeons and surgical trainees are surveyed on stress management techniques that 
they use intraoperatively, responses include refocusing on the task, deliberate relaxation, 
increased communication, mental rehearsal, pausing or slowing down, and reviewing a 
mental “game plan”.11 Unhealthy responses have also been highlighted, including 
8 
 
 
 
swearing, yelling, and decreased communication with team members. The process of 
these responses has been broken into the stages of reassessment, decision making, 
preparation, team communication, and solving the problem in Wetzel’s study of surgeon 
responses to stressful situations.10 The “performance under pressure” aspect of coping 
with stress during surgery has been compared to athletics, where sports psychology has 
discussed the importance of training in concentration, arousal control, and mental 
practice.54,55 
1.4.1 Mental Practice for Stress Reduction 
One intervention which has been studied for stress reduction is mental practice, which is 
the systematic and detailed mental rehearsal of surgical steps without actually performing 
them. Also known as mental training or mental rehearsal, mental practice has been shown 
to be beneficial for reducing stress in surgeons. Stress was objectively measured in 
Wetzel’s study in 2011, which included education on stress management techniques as 
well as planning and mental practice for a simulated surgery. This study found that 
surgeons who received the stress training and mental practice package had significantly 
decreased stress as measured by heart rate variability while also demonstrating 
significantly better teamwork skills and coping mechanisms than the control group.56 
Mental practice was also shown to be effective for stress reduction in Arora’s 2011 study 
on novice surgeons performing simulated laparoscopic cholecystectomies. This 
randomized control study showed improved technical performance and decreased in 
subjective stress, heart rate, and salivary cortisol in the intervention group.57,58 
1.4.2 Other Stress Reduction Methods 
Beyond mental practice, there have been a broad range of research on attempts to reduce 
stress in medical trainees. Interventions that have been studied in medical students 
include self-hypnosis, meditation, mindfulness training, progressive muscle relaxation, 
and focus or support groups on stress management.59 A Cochrane review of interventions 
to decrease stress in health care workers identified that cognitive-behavioural training, 
mental relaxation training, and physical relaxation training all have moderate effects on 
9 
 
 
 
reducing stress, but noted a need for randomized studies.60 A recent systematic review of 
stress management training in medical students identified the efficacy of discussion 
groups and mindfulness training (training individuals to be more aware of their thoughts 
and feelings), but higher-quality studies are still required.61 In surgeons and surgical 
residents, research has examined diaphragmatic breathing, relaxation training, and stress 
management teaching sessions.56,62–65 These interventions have shown benefit for 
subjectively reducing stress, but only some of the studies used validated questionnaires to 
measure participants’ perceived stress. Nevertheless, surgeons have consistently reported 
a desire for greater stress management training,11,14 suggesting a need for further study in 
this area. 
 
1.5 Resilience and Individual Responses to Stress 
1.5.1 Psychological Resilience 
Are some individuals more adept at stress coping strategies or are others more affected by 
stress? The variation between individual responses to stress may be explained by 
studying psychological resilience. Resilience focuses on healthy adaptation in the face of 
severe stress and is defined as the “dynamic capability which can allow people to thrive 
on challenges given appropriate social and personal contexts”66. Resilient individuals 
“bounce back, cope successfully, and function above the norm in spite of significant 
stress or adversity”67, meeting challenges with optimism and flexibility.68 The literature 
on resilience has conceptualized it as a trait, a process, or as an outcome.8 As a trait, 
resiliency has been studied as the characteristics and factors that provide an individual 
with the ability to cope with stress.69 As a process, resiliency research has examined how 
individuals thrive in the face of adversity70, and recognizes it as a dynamic process with 
interacting protective and risk factors. Finally, resilience has been also defined by its 
outcome – “An individual’s stability or quick recovery (or even growth) under significant 
adverse conditions.”71 These different perspectives of resilience all share common 
characteristics: Resilience is characterized by exposure to stress or adversity and a 
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positive recovery or development in spite this exposure. Resiliency is a multi-
dimensional construct that is dynamic and modulated by personal and environmental 
factors.8,72–74 These factors include internal attributes such as self-efficacy, an internal 
locus of control, and emotional stability, as well as external attributes including 
supportive relationships and family cohesion.75,76 Resilience has been studied across a 
variety of populations77 and has been shown to be modifiable and to vary over time.69,73,78 
1.5.2 Resilience Training 
The conceptualization of resilience as a dynamic process has led to interventions to try to 
increase resilience. Factors targeted for improvement have included self-efficacy, 
cognitive flexibility, emotional regulation, social skills, and physical health habits.79–81 
The interventions studied have varied from mindfulness training to multimodal cognitive 
behavioral therapy, delivered via online training, one-to-one training, or group sessions 
over a duration ranging from a single 90-minute session to sessions over 12 weeks. 
Despite the permutations across content, delivery, and duration of resiliency training 
interventions, a recent meta-analysis showed that resilience training is beneficial for 
increasing resilience, decreasing stress, and reducing depression.80 Moreover, a 
systematic review of resilience training in the workplace showed that resilience training 
can improve resilience, self-efficacy, and reduce stress, depression, and anxiety. Of 
particular note is the Penn Resiliency Program (PRP), which is based on cognitive 
behavioral therapy and has been extensively studied in a variety of contexts.82 A meta-
analysis of 17 studies showed that the PRP is effective at significantly decreasing 
depressive symptoms.83 The PRP has since been adapted into the US Army Master 
Resilience Training Course,84 which has shown benefit for improving self-reported 
resilience and psychological help in brigade combat teams and National Guard soldiers.85  
Interventions for increasing resilience have been examined in physicians and medical 
students. In family physicians, the themes of positive attitudes, balance in personal and 
professional arenas, effective practice management, and personal supports have been 
shown to increase physician resilience.86 Zwack and Schweitzer highlighted useful 
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practices and attitudes for enhancing physician resilience including putting aside time for 
leisure, cultivating healthy relationships with colleagues and family, and maintaining 
realistic expectations.87  
Resilience training interventions for physicians including facilitated discussion groups 
and web-based cognitive behavioural training have been shown to be effective.88 A 90-
minute one-on-one program at the Mayo Clinic showed benefit for improving resilience, 
stress, anxiety, and overall quality of life in physicians and radiologists.89,90 Medical 
trainees also benefit from increased resilience, and it has been suggested that resilience 
should be selected for and taught to medical students66. A study of residents in family 
medicine, psychiatry, and anesthesia showed a trend towards decreased depression and 
anxiety in female and junior residents after mindfulness-based resiliency training.91 The 
PRP has been shown to benefit Chinese medical students, increasing resilience, positive 
emotion, and cognitive appraisal scores over a control group.92  
 
1.6 Discussion 
Stress is ubiquitous in the operating room, and surgical trainees face significant stressors 
that can impact their performance and learning. Resilience can provide a lens into 
understanding the different responses to stress that trainees experience in the operating 
room. As an individual faces a stressor, whether they consider it negatively as a threat or 
positively as a challenge depends on their own cognitive and emotional responses to the 
stress and their perceived coping resources. Individuals with increased resiliency are 
more likely to respond positively to stress and persist despite adversity by having healthy 
stress adaptations, social supports, and a belief that they can control the outcome (greater 
internal locus of control). Increased resilience in surgeons has been associated with lower 
secondary traumatic stress and improved work performance.93,94 Compared to other 
physicians, surgeons and surgical residents have been shown to be a psychologically 
distinct population, with higher levels of aggression, extraversion and conscientiousness, 
and lower levels of neuroticism.95–100 Zeppa et al. found in 1984 that medical students 
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who choose a surgical residency have higher self-esteem and more internal locus of 
control than their non-surgical colleagues.101 This suggests that choosing surgery as a 
career may self-select for more resilient individuals, as the demands of a surgical 
residency require strong stress coping skills. However, there has been little research on 
resilience in surgical trainees and how it impacts their experiences of stress. Given the 
high rates of attrition in surgical residency programs102 and that up to 75 percent of 
residents are experiencing significant burnout,103 increasing trainee resiliency may be 
invaluable for improving resident selection, education, and mental health. 
As a narrative review, we have sought to highlight major studies and synthesize the 
literature on stress and resiliency in learners in the operating room. However, this is not a 
comprehensive or systematic review. Moreover, the topic of group performance under 
stress has not been addressed in depth in this paper. For a further examination of group 
performance during surgery, we suggest the previous works by Leblanc38 and by Rogers 
and Lingard.104 
 
1.7 Conclusion 
In conclusion, surgical trainees experience significant stress while learning to operate 
from a variety of sources including fatigue, disruptions, teamwork issues, time pressures, 
a complex surgery or high risk patient, surgical complications, and conflict with their 
attending surgeon. This stress can have a significant adverse impact on technical and non-
technical skills during surgery with potential negative effects on patient safety. Learning 
can also be negatively affected by stress, but training residents under appropriate and 
contextual stress can promote the development of healthy stress adaptations. Studies on 
stress management techniques including mental practice have shown benefit for reducing 
stress and improving performance. 
Overall, the experience of stress is modulated by cognitive and behavioral factors, 
including the physical and emotional context of the stress, the severity of the stress, and 
13 
 
 
 
the coping resources available. How individuals perceive and cope with stress is 
significantly influenced by their psychological resilience, and resilience training has 
demonstrated significant benefits in physicians and medical students. Further research is 
needed on the relationship between resilience and the experience of stress in surgical 
trainees. This would guide the development of effective interventions to help trainees 
manage intraoperative stress, with the potential to improve surgical performance, 
learning, and patient safety. 
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Chapter 2  
2 Research Design 
2.1 Description of Research Questions and Methodology 
As demonstrated in the review of literature seen in Chapter 1, there is a gap in the 
literature regarding intraoperative stress and resilience in surgical trainees. The operating 
room is an environment where stress is ubiquitous,1 and excess stress can have adverse 
effects on performance in surgeons.2 High levels of stress can impair decision making,3,4 
communication,5,6 and technical performance.7,8 In trainees, acute stress can negatively 
impact learning by impairing memory retrieval and by distracting from the material to be 
learned.9 However, in the face of the high stress that learners face in the operating room, 
some individuals thrive while others wilt. Resilience provides a perspective for 
understanding how some individuals are able to “bounce back, cope successfully, and 
function above the norm in spite of significant stress or adversity.”10 From this, we 
hypothesize that increasing resilience is protective against stress in the operating room. 
The relationship between intraoperative stress and resilience in surgical trainees has not 
been previously explored in the published literature. 
Attrition during surgical residency is common, with reported rates of attrition reported 
from 18-26 percent.11–13 This poses a challenge to surgical training programs and 
program directors, as resident attrition creates an unexpected labor shortage while 
impacting the harmony and morale of the residency program.14 As well, the resident who 
resigns must cope with the challenge of finding another career path and also sacrifices the 
time spent on the program they are leaving from. The high stress that trainees face during 
surgery may contribute to burnout and attrition. Chronic job stress has been linked to 
burnout,15,16 which is common in surgical residency.17,18 Burnout is also linked to lower 
job satisfaction and greater attrition.19 Trainees with higher resilience are less likely to 
report burnout,20 while surgical residents who have higher grit (a measure of 
perseverance) are less likely to consider leaving residency.21 As well, surgical resident 
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attrition has been improved by changing the resident selection process to favor candidates 
who have better stress management.13 We hypothesize that individuals who are more 
resilient or less stressed are also likely to leave their residency training program. 
Therefore our research questions for this project are: 
1. What is the variation in experiences of intraoperative stress and stress coping 
mechanisms in surgical trainees? 
2. What is the variation in resilience in surgical trainees? 
3. What is the relationship between stress and resilience in this population? 
4. How does this relationship vary by gender, age, and year of training? 
5. What is the relationship between resiliency, stress, and trainee attrition? 
We chose to answer these questions through a survey of surgical trainees in order to 
capture a wide range of responses across different surgical specialties and training 
programs across Canada. In the development of this survey, a need was identified for an 
instrument to assess intraoperative stress. Intraoperative stress in trainees has been 
previously measured subjectively and objectively through the State Trait Anxiety Index 
(STAI), heart rate, and salivary cortisol levels.7,22 These studies examined stress during 
the conditions of a simulated laparoscopic task, but not during actual surgeries. Other 
studies have surveyed surgeons and residents by asking subjects to rate the severity of 
pre-specified stressors23 or through qualitative interviews.5 However, no validated 
instrument for intraoperative stress exists, particularly for surgical trainees. Therefore we 
set out to develop an instrument to assess Surgical TRainee Experiences of StresS in the 
Operating Room (STRESSOR) so that it could be used to compare trainee stress against 
psychological resilience through a survey. 
The development of the STRESSOR instrument required an examination of the causes of 
stress as experienced by trainees. A sequential mixed methods design24 beginning with 
focus groups with orthopaedic residents at Western University. These were conducted by 
an independent interviewer and the discussion was recorded and transcribed. Using 
thematic analysis,25 the transcripts were analyzed to identify common themes from line-
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by-line coding and iterative review. The themes found in the transcripts were divided into 
distinct domains of stress. A focused literature review was then carried out to situate and 
refine the domains of stress identified from the focus groups in the existing literature. 
Question items to form the STRESSOR instrument were then created to match each 
domain of stress. These items consisted of statements that subjects scored on a five-point 
Likert scale. The items were refined iteratively through multiple meetings with the 
research team over four months. Finally, STRESSOR was pilot tested on four residents in 
different training programs across Canada and final edits were made for clarity and 
brevity. Details on the development of the STRESSOR instrument are discussed in 
Chapter 3. 
The STRESSOR instrument was then incorporated into a survey which included 
demographic questions, questions regarding the sources of stress and stress coping 
mechanisms, an instrument to assess resiliency, the STRESSOR instrument, and a single 
question about subject attitudes about leaving their training program. The resiliency 
instrument used for this study was the ten-item Connor Davidson Resiliency Scale (CD-
RISC-10) scale. This scale is commonly used for resiliency research and was chosen for 
its concise length and prior studies demonstrating its responsiveness and validity.26–28 The 
survey was then distributed to two cohorts – all orthopaedic residents in Canada in 
English-language training programs, and all surgical residents and clinical fellows at 
Western University. Subjects were invited by email to participate after permission was 
obtained from their program director. The survey was made available for two months 
through Qualtrics, an online survey system. 
The results of the survey were used to first assess the psychometric properties of the 
newly developed STRESSOR instrument. The reliability of the STRESSOR instrument 
was analyzed using IBM SPSS Statistics 24 (IBM Corp., 2016) to calculate Cronbach’s 
alpha for the instrument and for each domain of stress. Question items were removed 
from the STRESSOR instrument to improve reliability, and construct validity was then 
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assessed with confirmatory factor analysis using EQS 6.1 (Multivariate Software, Inc., 
2012). The results of the reliability and validity testing are discussed in Chapter 3. 
The adjusted STRESSOR instrument and the other survey results were then used to 
answer the questions introduced at the beginning of this research project. The sources of 
stress as reported by subjects based on most frequent and most severe were analyzed, as 
well as the most common stress coping mechanisms reported. The resilience of subjects 
was studied based on the CD-RISC-10 scores. The relationship between STRESSOR 
scores and CD-RISC-10 scores was examined, and univariate and multivariate analysis 
used to study the influence of age, gender, and age of training. Lastly, trainee perceptions 
about attrition were examined by a single question item asking if they had seriously 
considered leaving their residency training program because of intraoperative stress. The 
relationships between stress, resilience, and trainee perceptions about leaving were 
investigated. The methods and results of these analyses are discussed in Chapter 4. 
Lastly, the conclusions of this research project and future directions for study on the 
topics of intraoperative stress, resilience, and trainee attrition are presented Chapter 5. 
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Chapter 3  
3 Development of an Instrument to Assess Surgical 
TRainee Experiences of StresS in the Operating Room 
(STRESSOR) 
3.1 Introduction 
The operating room is a high risk environment where surgical residents and fellows face 
significant stress with potentially detrimental impacts on surgical performance and 
learning. There is limited literature on the causes of intraoperative stress in surgical 
trainees. The purpose of our research is to explore the experiences of intraoperative stress 
in surgical trainees. Understanding this relationship will guide interventions to decrease 
stress, potentially improving resident performance and learning. This paper describes the 
development and validation of an instrument to assess Surgical TRainee Experiences of 
StresS in the Operating Room (STRESSOR). 
 
3.2 Background 
Physical or psychological demands on an individual, whether real or imagined, are 
defined as stressors,1 and stress is the body’s response to these demands.2 The 
physiologic stress response was described by Selye in 19503 and is mediated by the 
autonomic nervous system and hypothalamic-pituitary-adrenal axis through molecular, 
physiological, cognitive, and behavioural changes. However, the experience of stress is 
highly subjective, emotional, and dependent on how stressors are perceived. Lazarus 
described that a stressful situation may be appraised by an individual as harm/loss, threat, 
or challenge based one’s assessment of the situation and the perceived capabilities or 
resources.4 The process of reconciling the perceived demand (stressor) with the available 
resources is known as coping.5 Thus the experience of stress is a dynamic process 
involving an individual’s physiologic response, emotions, coping strategies, and 
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resilience.6 This explains why a potentially stressful situation may be experienced 
markedly differently by different individuals, as the same stressors may be seen 
positively (as a challenge) by some, while others may see it negatively (as a threat or 
harm).7 
Stress can have deleterious effects on performance and learning in the operating room. 
Subjectively, surgeons have self-reported that small amounts of stress can be beneficial in 
aiding concentration and focus,8 but high levels of stress impair dexterity, judgment, 
decision making, and communication.8–10 This is consistent with the Yerkes-Dodson 
Law,1,9,11,12 which describes an inverted-U-shape relationship between stress and 
performance where moderate stress is associated with optimal performance but excess 
stress hinders performance. A systematic review of the literature on stress and surgical 
performance in 201011 highlighted that stressors such as fatigue,13–16 disruptions,17 time 
pressure,18,19 and teamwork issues20–22 are associated with impaired surgical performance. 
Furthermore, objective measures of stress including elevated salivary cortisol, heart rate, 
and mean arterial pressure have been linked to impaired performance at simulated 
laparoscopic tasks in trainees.23,24 Stress also impairs non-technical performance in the 
operating room, including communication and decision-making.8,9 Leblanc reviewed the 
negative impacts of stress on attention, memory, decision making, and group 
performance in medicine25 and highlighted the importance of effective coping strategies 
and social supports for stress management. Clearly, elevated stress is not benign, and can 
have significant detrimental effects on technical and non-technical performance during 
surgery. 
Stress can also impact learning in a myriad of ways. Stress impairs the recall of 
information or skills by impairing working memory and memory retrieval. Excessively 
high levels of acute or chronic stress can impede learning.26,27 However, moderate stress 
and elevated cortisol levels are associated with increased memory formation and 
consolidation, particularly in emotional situations.28,29 The influence of stress on learning 
appears to be contextual. Stress which is within the context of the learning experience 
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enhances memory formation, particularly if the information being learned is related to 
coping effectively with the stressor. In contrast, learning is inhibited by non-contextual 
stress – stress which is not related to the material being learned. Thus distracting stress 
increases memory of the distraction instead of the material to be learned.27,30,31 Trainees 
may therefore benefit from moderate and contextual stress while training in the operating 
room, but stress which is non-contextual or excessively high will distract and impair 
learning. Furthermore, training under appropriate stress can promote stress inoculation, 
which is the development of coping mechanisms to manage stress and improve 
performance under stressful conditions.32 
Our research questions for this study were: 
1. How is stress in the operating room conceptualized by surgical trainees? 
2. What literature exists to provide evidence to the conceptualization of stress by 
surgical trainees? 
3. To what extent can a survey capture experiences of stress in the operating room in 
surgical trainees? 
4. Do the results show evidence of reliability and construct validity? 
This paper will discuss the development of an instrument to assess Surgical TRainee 
Experiences of StresS in the Operating Room (STRESSOR), and the validation of this 
instrument. We plan to use this instrument to subsequently compare trainee stress with 
psychological resilience. 
 
3.3 Methods 
A four step process with a sequential mixed methods design33 was used for the 
development of the STRESSOR instrument. We first conducted qualitative exploratory 
focus groups to gain an understanding of the major stressors faced by surgical trainees in 
the operating room. We then thematically analyzed the data from the focus groups using 
line-by-line coding and iterative review.34 The second step involved a targeted literature 
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review where we situated the themes identified from the focus groups within the larger 
medical education literature. Sources of stress that trainees face in the operating room 
were then distilled into distinct domains of stress. In the third step, specific question 
items were created to match the domains identified from the focus groups and literature 
review. These items were reviewed multiple times extensively with the research team to 
refine the survey. Finally, the fourth step involved pilot testing the STRESSOR 
instrument with subjects from different specialty training programs across Canada and 
then electronic distribution of the survey. 
3.3.1 Step 1: Exploratory Focus Groups  
Multiple focus groups were held with orthopaedic residents at Western University. The 
focus groups were semi-structured interviews carried out by an independent interviewer 
(JB) who is not involved in resident teaching or evaluation. A total of 23 residents were 
interviewed in separate groups by Postgraduate year (PGY). Groups of novice (PGY-1), 
junior (PGY-2/3) and senior (PGY-4/5) residents were created to allow residents to speak 
freely about interactions between junior and senior residents. The interviewer attempted 
to center the discussion on causes of stress in the operating room, but encouraged the 
residents to speak freely about their thoughts and emotions. The interviews were recorded 
and transcribed with anonymous identifiers. The transcripts were systematically reviewed 
and stressors mentioned by residents were identified.  
The authors used thematic analysis to systematically review the transcripts and identify 
stressors mentioned by residents. Line-by-line coding was used to develop descriptions 
for stressors, which were then categorized into common themes. The transcripts were 
iteratively reviewed until saturation was reached and all stressors were categorized into 
themes. The results of this analysis were reviewed with the independent interviewer to 
ensure content validity. 
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3.3.2 Step 2: Targeted Literature Review  
Next, a review of the literature was carried out to identify literature regarding stress in 
surgeons and surgical trainees with a focus on stress during surgery or in the operating 
room. The authors (RN and SC) identified research fields upon which the review would 
focus, including medical education, surgery, surgical safety, anesthesia, and psychology. 
Significant research relating to stress in these fields were then identified using PubMed 
and Google Scholar. The authors then met to discuss the recurring concepts in the 
literature, and a more in-depth search was performed including a review of the references 
of relevant sources. Emphasis was placed upon articles focused on surgical education and 
stress within the operating room. The themes identified from the focus groups were then 
situated within the context of pre-existing literature identified from this review. This 
allowed us to refine the causes of intraoperative stress in surgical trainees into distinct 
domains of stress. 
3.3.3 Step 3: Item Development  
The STRESSOR instrument was developed over four months in consultation with a 
clinical fellow (RN), two attending surgeons (JH, BL), an expert in survey development 
and medical education (SC), and the independent interviewer from the focus groups (JB). 
Survey items were created to match the domains of stress from the focus groups and 
literature review. Multiple iterations were edited during multiple meetings over four 
months until consensus was reached.  
3.3.4 Step 4: Pilot Testing and Distribution 
Once the STRESSOR instrument was finalized, it was incorporated into a survey on 
resident stress and resiliency for distribution. Institutional research ethics board approval 
was obtained from Western University. The draft survey was then piloted with four 
surgical residents in different specialties and training centres across Canada and 
alterations were made to ensure clarity and brevity. The survey was created electronically 
in Qualtrics, which allowed for randomization of question sequence and validation of 
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complete responses. The survey was then distributed to all surgical residents and clinical 
fellows at Western University and to all orthopaedic surgery residents across Canada with 
the permission of residency program directors and fellowship directors. Responses were 
anonymously collected online using Qualtrics. The results were analyzed for item 
reliability and validity using IBM SPSS Statistics 24 (IBM Corp., 2016) and EQS 6.1 
(Multivariate Software, Inc., 2012). 
 
3.4 Results 
3.4.1 How is stress in the operating room conceptualized by 
surgical trainees? 
Our focus groups and literature review identified eight domains of stress experienced by 
trainees in the operating room as shown in Table 3-1. 
Table 3-1: Domains of Intraoperative Stress 
High Risk Patient or Surgery 
Surgical Complications 
Disruptions 
Time Pressure 
Fatigue 
Making an Error 
Teamwork Issues 
Attending Temperament 
The common categories of intraoperative stress identified through the focus groups were: 
• Disruptions 
o The pager was extensively mentioned as one of the greatest causes of 
stress. 
▪ “When you’re operating and you’re trying to focus on the case and 
the patient on the table and you’ve got your beeper going off in the 
background.” 
• Time Pressure 
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▪ “When you are still learning how to do things obviously you don’t 
have the proficiency and the ability to go that fast. And there can 
be a lot of pressure sometimes to go faster, go faster.” 
• Fatigue 
▪ “I’ve been in the OR post-call after having not slept and I’m like 
practically falling asleep while standing. And, that’s really 
stressful.” 
• Making an error 
▪ “The fear of making a mistake and even worse, making it. If you 
make a mistake, it hurts.” 
• Interpersonal conflict 
o Between other members of the operating room team (eg/ between the 
attending and a junior learner) 
▪ “I guess something else that’s a little more specific to seniors, 
would be that situation where you’re operating with a junior that’s 
taking a lot of heat. […] And you’re stuck in the middle of that 
interaction. It’s like being a third wheel on a bad day.” 
• The learning environment, including; 
o Anxiety about the attending surgeon’s mood 
▪ “Some people are more temperamental and lose their mind more 
quickly and others are patient and calm, that’s it. And you can tell 
the difference and you can feel the difference.” 
o Fear of being shamed/yelled at by the attending 
▪ “You can’t learn with yelling and abuse but you don’t need yelling 
and abuse. It’s not effective for most people.” 
o Pressure to meet attending’s expectations 
▪ “You don’t want to disappoint your staff because he’s taking time 
to give you an opportunity to do this so you don’t want to let him 
down.” 
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A review of the literature identified two papers which studied causes of trainee stress in 
the operating room. Wetzel et al. interviewed attending surgeons and residents in 
London, UK and identified themes for the causes of intraoperative stress.9 Anton et al. 
surveyed surgeons and residents in Charlotte, NC, USA about stressors in the operating 
room.10 The greatest causes of resident stress in these studies included fatigue, 
disruptions, teamwork issues, time pressures, and issues with the attending surgeon. Both 
of these studies also identified a complex surgery/high risk patient and surgical 
complications as significant stressors.  
Although the published literature does not distinguish clearly between surgical 
complications or adverse events and making an actual error, residents in the focus groups 
specifically emphasized fear of making an error as a significant source of stress. Since 
these are conceptually distinct entities, we have chosen to separate surgical complications 
and making an error as separate domains of intraoperative stress in trainees.  
3.4.2 What literature exists to provide evidence to the 
conceptualization of stress by surgical trainees? 
3.4.2.1 High Risk Patient or Surgery 
Surgeons self-report that complex cases and high risk patients are some of the highest 
causes of intraoperative stress.10 In a study of oral surgery procedures, more difficult 
surgeries were correlated with a greater increase in biomarkers of stress including heart 
rate, systolic blood pressure, and salivary cortisol. A study of simulated laparoscopic 
tasks showed that increasing task difficulty was correlated with increased peak pupil size, 
indicating an increased physiological stress response to complex surgical steps in surgical 
trainees.86 Experience seems to moderate the effects of task difficulty, as experienced 
surgeons had a reduced increase in physiologic stress when increasingly difficult surgical 
procedures were encountered.87,88  
38 
 
 
 
3.4.2.2 Intraoperative Disruptions 
The performance of surgery requires close attention and focus, and distractions or 
interruptions can cause disastrous complications such as bleeding or injury to viscera.51 
Unfortunately, disruptions during surgery are frequent and pervasive,52–54 including case-
irrelevant communication, pagers/phone calls, music, procedural issues, and equipment 
problems51. Disruptions are associated with worse intraoperative performance, including 
increased time for task completion55–59 and higher error rates55,57,60 in simulated and 
observed surgeries.17 Therefore it is unsurprising that these disruptions are associated 
with higher stress and mental workload in surgeons.61,62 Similarly, frequent paging has 
been shown to be disruptive to resident work and education.63–65 Distractions are 
detrimental to simulated surgical performance in residents, but greater experience at 
working under distracting conditions can be protective,56,66,67 suggesting that trainees can 
learn to focus despite disruptions. 
3.4.2.3 Time Pressure 
The pressure to complete more work in less time is common in surgery, particularly as 
institutions and health authorities are increasingly concerned about the expense of 
running an operating room, which has been estimated to be as high as $62/minute.76 Time 
pressure has been identified as a significant source of intraoperative stress among 
surgeons and surgical trainees.9,11,72 Time pressure increases the rate of technical and 
knowledge-based errors during simulated laparoscopic tasks18,19,77 while negatively 
impacting team communication78 and decision making skills.79 In a study of surgeon 
decision-making, time pressure increases the use of intuitive or recognition-primed 
strategies over analytical strategies, allowing for rapid response from previous 
experience.80 However, recognition-primed strategies are vulnerable to fixation errors 
where the decision-maker may continue down a path based on prior experience without 
stopping to recognize a diagnostic error.81 As non-experts, surgical trainees retain less 
cognitive capacity to maintain situational awareness and thus are even more vulnerable to 
fixation errors. Therefore, the stress of time pressure may catalyze perseveration towards 
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an inappropriate focus in a crisis,82 which can lead to worsening of the crisis, increased 
stress and a continued cycle of iatrogenic error. Teaching residents non-technical skills 
including mindfulness and decision making training may help them cope with the stress 
of time pressure in the operating room.83,84 This includes the teaching the importance of 
“slowing down when you should” to place increased effortful attention at critical 
moments during a surgery or when the situation changes abnormally.85 The stress of time 
pressure thus significantly impacts technical and non-technical surgical performance, but 
its effects may be mitigated by training. 
3.4.2.4 Fatigue 
There has been extensive research on the effects of sleep deprivation during surgical 
residency, but there have been no studies on the effects of fatigue on intraoperative stress 
specifically. Nevertheless, insufficient sleep is one of the greatest causes of stress during 
residency training,35 and sleep deprivation is a major factor in resident burnout and 
negatively affects mood.15,36 Moreover, tests of sleep-deprived residents and surgeons 
have shown marked impairment in cognition, memory, and simulated surgical 
performance.13–16 The implementation of the ACGME 80-hour work week limitation in 
2003 has led to increased resident quality of life and reduced fatigue.37–41 While there 
have been mixed results on the effects of work hour restrictions on patient outcomes,38,41–
47 surgical faculty and residency program directors have reported negative effects on 
surgical training.40,41 Some studies have shown a reduction in the number of cases 
performed by residents, but other training programs have accommodated the 80 hour 
work week restrictions without adverse effects.38,40,43,48–50 Clearly, sleep and fatigue are a 
source of stress for surgical residents, and attempts to reduce work hours may decrease 
the surgical exposure of residents. How this impacts the education of surgical residents 
and their intraoperative experiences remains unclear. 
3.4.2.5 Complications, Adverse Events, and Making an Error 
Surgical complications are a source of high stress for surgeons and trainees. Moulton et 
al.89 highlighted the emotional roller coaster that surgeons experience after an adverse 
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event. Other studies have examined the effect of surgical complications and have noted 
extensive emotional and behavioural impacts on surgeons’ well-being including shame, 
guilt, self-doubt, and anxiety.90–92 Surgeons are at high risk of developing acute traumatic 
stress after adverse events,93 with long-effects including unhealthy coping mechanisms 
such as alcohol, damage to family relationships, burnout, post-traumatic stress symptoms, 
and depression.90–92,94–96 Interviews of residents suggest that they also face intense 
emotional distress after adverse events or medical error, including self-doubt, self-blame, 
shame, and fear of negative repercussions.97,98 However, many residents feel that their 
residency training program does not provide a supportive environment for the discussion 
of medical mistakes.99 A recent study in Canada reported that surgical residents struggle 
with finding professional avenues to discuss their emotional distress after a complication 
or adverse event.100 The culture of surgery may also be seen as a barrier to trainees in 
distress, as the act of seeking help was equated with personal weakness.100 This 
emphasizes the importance of promoting an atmosphere free of intimidation with a 
culture of continuous improvement instead of blame in surgical training. This would 
support the emotional needs of trainees and potentially reduce rates of burnout and 
depression while improving patient safety.101 
3.4.2.6 Teamwork Issues 
Conflicts between medical professionals during the course of patient care are common,68 
with one study observing daily disruptive behaviour by the surgeons 15 percent of the 
time.21 The causes of conflict in the operating room include time, resources, roles, safety 
and sterility, and situation control,69 with the added complexity of team members from 
different professions and perspectives.70 Disruptive behaviour such as harsh language 
corrosively erodes teamwork71 and increases stress and frustration in the operating room 
team.21 Teamwork problems have been identified as one of the greatest sources of stress 
in surgeons.72 In the dynamic and high-risk environment of the operating room, 
teamwork issues are linked to higher rates of surgical error,22 complication, and 
mortality,20,21,73,74 while a positive emotional climate is linked with improved 
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performance and patient outcomes.75. This demonstrates the importance of interpersonal 
conflict as a source of stress in the operating room and a threat to patient safety. 
3.4.2.7 Trainee-Attending Interaction and the Learning 
Environment 
The relationship with between a trainee and the attending surgeon can be one of the 
greatest sources of stress for surgical residents and fellows. Intimidation and harassment 
remain common in medical training, particularly in surgical residency, with attending 
physicians as the most common source of mistreatment.102–104 Research on adult 
education has shown that fear, frustration, and conflict are not conducive to learning.105 
Medical students who are criticized during a surgical task have been shown to have 
greater stress and worse performance than students who are encouraged.23 Particularly 
concerning is that mistreatment of trainees has been linked with poor mental health 
including depression and burnout.106 Intimidation and disruptive behaviour also 
undermines patient safety.107 The unequal power relationship between the surgeon and 
the trainee can reduce a learner’s willingness to speak up about patient safety concerns,108 
but this can be mitigated by a supportive culture and an approachable attending.109 
Intimidation and harassment from attending physicians can cause severe stress in 
learners, with negative impacts on trainee mental health and patient safety. 
Some of the stress from the learning environment also derives from the pervasive culture 
of trying to meet expectations in surgical training. Since trainees are criticized for 
displaying uncertainty and praised for decisiveness and confidence, they assume a “cloak 
of competence”110 in an attempt to adapt to the culture around them. Therefore the 
pressure of trying to meet expectations in the midst of uncertainty is a common stress for 
surgical trainees.111,112 The creation of a healthy learning environment for trainees is 
facilitated by attending physicians who set a friendly tone and are a positive role 
model.113 Resident evaluations of surgical teaching consistently emphasize the 
importance of remaining calm and courteous and providing feedback without 
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belittling.114 A respectful and encouraging learning environment is a critical component 
of effectively teaching the next generation of surgeons. 
3.4.3 To what extent can a survey capture experiences of stress in 
the operating room in surgical trainees? 
Based on the eight domains of stress identified from our qualitative research, we 
developed an instrument to assess trainee stress in the operating room. Over four months, 
individual question items were developed through an iterative process by the authors. The 
items consist of statements such as “I worried about making errors when pressured to be 
faster while operating.” Subjects were asked to rate on a five point Likert scaled how 
frequently they experienced the statement during the past six months. Some items were 
positively worded to ask about successful coping with common stressors and to reduce 
acquiescence bias. Items were initially developed by the first author (RN), and were 
subsequently reviewed by SC and the research team. They were also reviewed by the 
independent interviewer (JB) from the focus groups to ensure face validity with the 
themes developed from the focus groups. Over 13 iterations were used to remove 
unnecessary items and refine the wording of statements. A consensus was reached with 
31 question items. These statements were then pilot tested with four surgical residents in 
different specialties and training program locations across Canada, and final edits were 
made to ensure clarity and brevity. 
The Surgical Trainee Experiences of StresS in the Operating Room (STRESSOR) 
instrument is found in Appendix A. The domains of high risk patient/complex surgery 
and surgical complications were mapped to three items each. The other domains were 
mapped to four items each, with the exception of attending temperament/learning 
environment which was mapped to five items by the research team to cover the breadth 
of experiences that fall into that domain. Subscores were calculated for each of the eight 
domains of stress as a mean of the items mapped to each domain. The total STRESSOR 
score was calculated as a sum of the eight subscores. 
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3.4.4 Do the results show evidence of reliability and construct 
validity? 
All residents in English-speaking orthopaedic training programs in Canada and all 
surgical residents at Western University were invited to participate, with permission of 
their program director. A total of 452 subjects were invited to participate. To optimize 
our response rate, respondents were invited to enter a draw for a gift card and several 
email reminders were sent. The survey was available for two months and a total of 171 
responses were obtained, for a response rate of 38 percent. Of these responses, 138 
subjects had complete responses to the STRESSOR items, but 3 responses were 
eliminated because the subjects had not worked in the operating room within the past six 
months. A breakdown of the demographics of the final 135 analyzed complete responses 
is seen in Table 3-2. 
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Table 3-2: Demographics of subjects who completed the STRESSOR instrument. 
    Number Percentage 
Gender     
  Male 93 68.9 
  Female 42 31.1 
Age     
  25-29 59 43.7 
  30-34 59 43.7 
  35-39 16 11.9 
  40+ 1 0.7 
Level of Training     
  PGY-1 21 15.6 
  PGY-2 28 20.7 
  PGY-3 28 20.7 
  PGY-4 22 16.3 
  PGY-5 22 16.3 
  PGY-6+ 3 2.2 
  Clinical Fellow 11 8.1 
Surgical Specialty     
  Orthopaedic Surgery 101 74.8 
  General Surgery 8 5.9 
  Plastic Surgery 5 3.7 
  Urology 5 3.7 
  Neurosurgery 4 3.0 
  Otolaryngology  4 3.0 
  
Obstetrics and 
Gynecology 
4 3.0 
  Cardiac Surgery 2 1.5 
  Thoracic Surgery 1 0.7 
  Vascular Surgery 1 0.7 
 
45 
 
 
 
We began our analysis with a reliability assessment by using IBM SPSS Statistics 24 
(IBM Corp., 2016) to calculate Cronbach’s alpha. Items were appropriately reverse coded 
to ensure all items had the same dimensionality (higher score matches less stress and 
better coping). The overall reliability of the whole STRESSOR instrument was high, with 
a Cronbach’s alpha of 0.91. Cronbach’s alpha was calculated for the STRESSOR items 
as mapped to each of the eight domains of intraoperative stress. Corrected item-total 
correlations were less than 0.2 for two question items - Item 14 (“I was able to recognize 
when to slow down while operating.”) and Item 31 (“I felt comfortable admitting when I 
didn’t know what to do while operating.”). These items were removed from further 
analysis, with the overall reliability of the STRESSOR scale rising to α=0.92. The 
Cronbach’s alpha for the question items as mapped to each of the eight domains of stress, 
both before and after removal of low reliability items, is seen in Table 3-3. 
Table 3-3: Reliability analysis of items as mapped to eight domains of stress. 
Domain of Stress 
Cronbach's 
Alpha with 
Original Items 
Number 
of Items 
Cronbach's 
Alpha After 
Items Removed 
Number 
of Items 
High Risk Patient or Surgery 0.70 3 - - 
Surgical Complications 0.59 3 - - 
Intraoperative Disruptions 0.79 4 - - 
Time Pressure 0.74 4 0.85 3 
Fatigue 0.67 4 - - 
Making an Error 0.80 4 - - 
Interpersonal Conflict 0.79 4 - - 
Attending Temperament 0.70 5 0.81 4 
Second order confirmatory factor analysis was performed to examine the survey’s 
construct validity. The standardized loadings for each item are seen in Table 3-4. The 
STRESSOR items as mapped to each of their eight respective domains of intraoperative 
stress demonstrated adequate to good fit with an eight factor solution using Maximum 
Likelihood estimation, with goodness of fit indices of CFI=0.89, RMSEA=0.06 
(0.05,0.07), and 2=554.96 (df=367), p<0.001.115,116  
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Table 3-4: Standardized loadings for each STRESSOR item as mapped to their domains 
of stress in an eight factor solution for confirmatory factor analysis. All loadings were 
significant at p < .05. a indicates items that were reverse coded for analysis. 
Factor STRESSOR Item Loading 
High Risk Patient or Surgery  0.601 
 Item 1 0.496 
 Item 2 0.675 
 Item 3 0.295 
Surgical Complications  0.908 
 Item 4 0.517 
 Item 5 0.472 
 Item 6a 0.043 
Intraoperative Disruptions  0.304 
 Item 7 0.482 
 Item 8 0.895 
 Item 9 0.687 
 Item 10a 0.091 
Time Pressure  0.606 
 Item 11 0.616 
 Item 12 0.768 
 Item 13 0.612 
Fatigue  0.371 
 Item 15 0.599 
 Item 16 0.827 
 Item 17a 0.131 
 Item 18a 0.078 
Making an Error  0.600 
 Item 19 0.259 
 Item 20 0.566 
 Item 21 0.669 
 Item 22 0.619 
Interpersonal Conflict  0.459 
 Item 23 0.516 
 Item 24 0.653 
 Item 25 0.572 
 Item 26 0.270 
Attending Temperament  0.849 
 Item 27 0.377 
 Item 28 0.600 
 Item 29 0.607 
 Item 30 0.526 
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This demonstrates that our instrument items addressed eight separate domains of 
intraoperative stress. Although factor analysis demonstrated the validity of our model of 
eight distinct domains of intraoperative stress, there was significant correlation between 
the different domains. Table 3-5 shows the correlations between the response scores for 
the eight domains of intraoperative stress. 
Table 3-5: Correlations (Spearman’s Coefficient) between scores for each of the eight 
domains of intraoperative stress. * indicates statistically significant correlations 
(p<0.0018, two-tailed, after application of a Bonferonni correction). 
  
High Risk 
Patient or 
Surgery 
Surgical 
Complications 
Disruptions 
Time 
Pressure 
Fatigue 
Making 
an 
Error 
Teamwork 
Issues 
High Risk 
Patient or 
Surgery 
- 
      
Surgical 
Complications 
0.50* - 
     
Disruptions 0.28* 0.44* - 
    
Time 
Pressure 
0.39* 0.43* 0.39* - 
   
Fatigue 0.21 0.41* 0.42* 0.35* - 
  
Making an 
Error 
0.53* 0.50* 0.31* 0.52* 0.23 - 
 
Teamwork 
Issues 
0.49* 0.44* 0.33* 0.37* 0.32* 0.44* - 
Attending 
Temperament 
0.49* 0.57* 0.36* 0.60* 0.45* 0.58* 0.49* 
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3.5 Discussion 
We have identified eight distinct domains of stress that residents experience in the 
operating room. The focus groups and literature review carried out for this study 
demonstrate that surgical trainees experience stress from a number of sources while in the 
operating room. There was good agreement between the themes identified in the focus 
groups and in the literature review, particularly with previous studies on surgical trainee 
intraoperative stress by Wetzel et al.9 and Anton et al.10. An exploration of the impacts of 
these stressors will provide a greater understanding of the resident educational 
experience. Most previous studies of stress in the operating room have focused on 
surgeons rather than surgical trainees. The relationship between the learner and the 
attending surgeon has been minimally explored as a source of intraoperative stress, 
despite extensive literature highlighting the potential for conflict in this relationship. 
We have therefore developed a novel instrument (STRESSOR) to explore the stresses 
that learners face in the operating room. The use of a mixed methods design including 
qualitative research to develop this instrument introduces the risk of bias from but also 
allows for a more complete exploration of resident experiences. The initial results 
demonstrate strong reliability for both the overall STRESSOR score and for each of the 
individual eight domains of stress. The removal of two items that were not discriminatory 
based on corrected item-total correlation further increased the overall reliability for the 
STRESSOR score and the individual domain subscores. There was significant correlation 
between the eight domains of stress within STRESSOR. This is not surprising, since a 
resident who is excellent at managing stress in one domain, such as time pressure, is 
more likely to experience less stress in other domains. The instrument validity was 
studied using confirmatory factor analysis, with adequate to strong goodness-of-fit 
indices for an eight factor solution. We would expect better fit statistics with a larger 
sample size. This suggests that, despite our modest sample size, the STRESSOR 
instrument has strong reliability and moderate to good construct validity. 
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3.6 Conclusion 
This study describes the development of a novel instrument (STRESSOR) for assessing 
trainee stress in the operating room. The instrument was systematically developed by 
beginning with exploratory focus groups to identify common themes for trainee stress in 
the operating room. However, since the focus groups were only held with orthopaedic 
residents from a single training centre, the results of the focus groups may be biased 
towards experiences that are not generalizable to all surgical trainees. We have mitigated 
this by reviewing the literature on intraoperative stress in surgical trainees, and good 
agreement was found between the themes identified from the focus groups and from the 
literature review. As well, the instrument was pilot tested with residents in different 
centres and surgical specialties prior to use. 
One of the strengths of this study is that it captures responses from a national survey. The 
results should be applicable to training programs across Canada. Nevertheless, 
orthopaedic surgery trainees are the majority of responses in this initial validation of the 
STRESSOR instrument, and further study in other surgical specialties is required. The 
overall response rate was low at 38 percent. This resulted in smaller than expected 
sample size. Despite this small sample size, we were able to obtain moderate to good fit 
indices in our confirmatory factor analysis and strong reliability indices. We suspect that 
our fit indices will improve in future research utilizing the STRESSOR instrument with a 
larger sample size. 
Because this study assessed trainee stress through a survey, subjects were asked to 
respond based on their past six months of experience in the operating room. However, 
subject responses are likely to be biased towards memories that are more recent (recency 
effect)117 or memories of more traumatic events. The STRESSOR instrument may be 
used to assess a trainee’s subjective experience of stress in the operating room over the 
past six months, but it does not measure that individual’s present stress or their stress 
from other sources. Future studies studying how STRESSOR correlates with other 
commonly used measures of stress or anxiety such as the Perceived Stress Scale,118 the 
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State Trait Anxiety Index (STAI),119 or heart rate variability120,121 would be valuable for 
comparison. 
In conclusion, we have developed a novel instrument for assessing Surgical TRainee 
Experiences of StresS in the Operating Room (STRESSOR). This study is novel for the 
use of sequential mixed methods design with both qualitative and quantitative 
components. We have identified eight distinct domains of intraoperative stress as 
experienced by learners. The instrument has been used in a national survey and shown to 
have high reliability and moderate to good construct validity. This study will allow the 
comparison of intraoperative stress to other variables including resident resiliency. A 
greater understanding of intraoperative stress has the potential to lead to improvements in 
performance and learning in surgical trainees. 
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Chapter 4  
4 Exploring Intraoperative Stress and Resilience in 
Surgical Trainees: Do These Factors Influence 
Resident Attrition? 
4.1 Introduction 
The operating room is a stressful environment for surgical trainees as they attempt to 
perform technically demanding tasks while learning and refining their skills. High stress 
has been associated with detrimental impacts on technical and non-technical performance 
in surgeons and trainees, while also potentially hindering learning. However, individual 
responses to stress are highly variable, and psychological resilience can help explain why 
some individuals flourish instead of wilting under stress. Resilience allows individuals to 
thrive despite adversity and is a modifiable trait that has been studied in various 
populations including physicians. In this study, surgical trainee experiences of stress 
during surgery will be assessed using a new instrument. The relationships between 
intraoperative stress, resilience, and resident attrition will be explored. Understanding the 
interactions between stress and resiliency may suggest directions to improve 
performance, learning, and mental health in surgical trainees while reducing resident 
attrition. 
 
4.2 Background 
Surgeons and surgical trainees face extensive stress in the operating room as they manage 
the challenges of learning and performing surgery in a high pressure environment.1 
Previous studies have highlighted the sources of stress that learners experience in the 
operating room including fatigue, disruptions, teamwork issues, time pressure, a complex 
surgery, a high risk patient, surgical complications, or tension with the attending 
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surgeon.2,3 Therefore stress is common during surgery, and this has impacts on technical 
and non-technical performance as well as learning. 
There has been extensive research on how stress affects performance in the workplace 
and in the operating room. Moderate stress can encourage optimal performance but high 
levels of stress impair performance as demands outweigh the available resources. This 
inverted-U-shape relationship between stress and performance is known as the Yerkes-
Dodson Law.4,5 Surgeons have reported that mild stress increases concentration and 
focus, but high stress impairs dexterity, judgment, and communication while increasing 
intraoperative mistakes.2,3,6 Elevated stress and poor stress coping strategies have been 
linked with technical errors in laparoscopic surgery.7,8 Stress also hinders non-technical 
performance including attention, decision making, communication, and team 
performance.2,6,9,10 These negative effects can combine in the high risk environment of 
the operating room and lead to errors, with 40 percent of surgeons having witnessed an 
intraoperative complication directly related to surgeon stress.3 
Stress also has significant effects on learning, as high levels of stress impair working 
memory and memory retrieval including the recall of information or skills.11,12 While 
moderate stress increases memory formation and consolidation, excessively high stress is 
detrimental to learning.13,14 This is particularly true of distracting stress, as memories 
formed are more likely to center around the distraction rather than the material to be 
learned. A resident who is being berated for making a surgical error is more likely to 
remember the distracting stressor (being berated) than to learn from the error. Therefore 
moderate and appropriate stress can be beneficial while training in the operating room, 
but stress which is distracting or excessively high impairs learning.14–16 
While stress is ubiquitous in the operating room, its effects vary between individuals. 
Why do some individuals thrive under stress while others struggle? The variation 
between individual responses to stress may be explained by studying psychological 
resilience. Resilience is defined as the “dynamic capability which can allow people to 
thrive on challenges given appropriate social and personal contexts”17. Whether 
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conceptualized as a trait18, a process19, or an outcome,20 resilience explains why some 
individuals “bounce back, cope successfully, and function above the norm in spite of 
significant stress or adversity.”21 Resiliency is a multi-dimensional construct that is 
modulated by personal and environmental factors.22–24 Resilience has been studied across 
a variety of populations25 and has been shown to be modifiable and to vary over 
time.18,22,26 Interventions to increase resiliency have been shown to be effective in 
physicians, with benefits including decreased stress and anxiety and improved quality of 
life.27,28 The importance of resilience in physicians is increasingly recognized, and the 
CANMEDS 2015 framework includes an emphasis on “Resilience for sustainable 
practice” as a component of physician competency29. 
The extensive stresses that trainees face during surgery may contribute to resident 
burnout and attrition. Chronic job stress has detrimental psychological and physical 
effects including burnout.30,31 Burnout is highly prevalent in surgical residency, and is 
associated with worse mental health and greater depressive symptoms.32,33 Burnout has 
also been linked to worse job satisfaction and greater job withdrawal and attrition.34 
Trainee attrition is common in surgical training, with reported voluntary attrition rates as 
high as 18-26 percent during the course of surgical residency.35–37 Factors which have 
been linked to attrition include female gender37, work-life balance, and employment 
prospects.36 However, the relationships between intraoperative stress, resiliency, and 
resident attrition have not been previously studied. 
4.2.1 Research Questions 
Given that surgical trainees face high stress in the operating room with potentially 
detrimental impacts on performance, learning, and trainee attrition, further research is 
required on trainee resilience and experiences of stress in the operating room. Our 
primary hypothesis is that increased trainee resilience is correlated with decreased 
intraoperative stress. However, in order to test this hypothesis, a greater exploration 
regarding intraoperative stress and resilience in trainees is required. Our research in this 
area focuses on answering the following questions: 
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1. What is the variation in experiences of intraoperative stress and stress coping 
mechanisms in surgical trainees? 
2. What is the variation in resilience in surgical trainees? 
3. What is the relationship between stress and resilience in this population? 
4. How does this relationship vary by gender, age, and year of training? 
5. What is the relationship between resiliency, stress, and trainee attrition? 
4.3 Methods 
In order to assess stress and resiliency in surgical trainees, we chose to use an 
electronically distributed survey to allow for anonymous responses and distribution to a 
large number of subjects. The survey consisted of demographic information, questions 
about stressors and stress coping mechanisms, an instrument assessing psychological 
resiliency, and an instrument assessing intraoperative stress. 
Over 19 measures of resilience exist for a variety of populations with different levels of 
evidence supporting their reliability and validity. A methodological review of resilience 
measurement scales in 2011 highlighted the challenges of selecting a measure of 
resilience, with the Connor-Davidson Resilience Scale (CD-RISC)18 among the highest 
scoring scales by psychometric properties.38 The CD-RISC was the only scale whose 
responsiveness was studied, and abbreviated (10-item and 2-item) forms of the CD-RISC 
are also available and have been validated.39,40 The 10 item CD-RISC instrument was 
chosen for this study for its shorter length and the previous literature demonstrating its 
responsiveness to a single-factor solution.41–43 Permission was obtained from the authors 
of the CD-RISC-10 for its use in this study. 
In order to assess surgical stress in trainees, we developed a novel instrument (Surgical 
TRainee Experiences of Stress in the Operating Room – STRESSOR). This instrument 
was developed using a sequential mixed methods design. We began with a qualitative 
exploration of the causes of stress in the operating room. Focus groups with 23 
orthopaedic surgery residents at Western University were held with an independent 
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interviewer. We then used thematic analysis44 to analyze the transcripts of these focus 
groups. The transcripts were systematically reviewed with line-by-line coding and 
iterative review until we reached saturation for causes of stress in the operating room. 
These sources of stress were categorized into eight common domains of stress, and these 
were reinforced with a review of the literature on sources of stress in trainees and 
surgeons. The 8 domains of intraoperative stress we identified are shown in Table 4-1. 
Table 4-1: Domains of Intraoperative Stress 
High Risk Patient or Surgery 
Surgical Complications 
Disruptions 
Time Pressure 
Fatigue 
Making an Error 
Teamwork Issues 
Attending Temperament 
From these 8 domains, we developed a new instrument for measuring intraoperative 
stress. This took over four months in consultation with three surgeons, an expert in 
survey development and medical education, and the independent interviewer from the 
focus groups. The final instrument has 31 items structured as statements. Subjects are 
asked to rate how frequently they experience stress corresponding to statements such as 
“I felt anxious when my pager went off while I was operating” or “I felt able to judge 
whether I was too tired to safely operate”. Responses are selected on a 5-point Likert 
scale from “almost never” to “almost always”. These items correspond with the eight 
domains of intraoperative stress and include both negatively worded statements (greater 
stress) and positively worded statements (better stress coping) to reduce acquiescence 
bias.  
The final survey is seen in Appendix B. It includes demographic information, the CD-
RISC-10 resiliency instrument, questions regarding the most severe sources of stress and 
the most helpful stress coping mechanisms, and the STRESSOR instrument. Subject 
attitudes towards trainee attrition were also surveyed by asking subjects to score whether 
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they had seriously considered switching residency programs or medicine because of 
stress they had experienced in the operating room on a 5-point Likert scale from 
“Strongly Agree” to “Strongly Disagree”. A similar scale has been used in prior studies 
on trainee attrition and has been shown to correlate with actual trainee attrition.35,45 The 
survey was pilot tested with four residents in different programs across Canada. After 
institutional research ethics board approval, the survey was distributed to two cohorts; all 
orthopaedic residents in English language training programs in Canada and all surgical 
residents and clinical fellows at Western University. Trainees were invited to participate 
with the permission of their program director. The survey was distributed electronically 
using Qualtrics and responses were collected anonymously. After survey closure, the 
results were analysed using IBM SPSS Statistics 24 (IBM Corp., 2016). Items that 
showed poor corrected item-total correlation were eliminated. The STRESSOR 
instrument was validated in this population, as demonstrated in Chapter 3. 
The distribution of STRESSOR scores, STRESSOR subscores for each of the eight 
domains of stress, and CD-RISC-10 scores was examined and normality of these 
measures was assessed using Q-Q plots and the Shapiro-Wilks test. Reliability testing for 
the CD-RISC-10 in this population was performed using Cohen’s alpha. The construct 
validity of the CD-RISC-10 was assessed using exploratory factor analysis. Univariate 
analysis using Pearson’s correlation was used to study relationships between CD-RISC-
10 and age and year of training. Univariate comparison of CD-RISC-10 scores by gender 
and surgical specialty (orthopaedic vs. non-orthopaedic) was performed using 
independent samples student’s t-test. Similarly, univariate analysis using Pearson’s 
correlation was used to study relationships between STRESSOR and age and year of 
training. Univariate comparison of STRESSOR scores by gender and surgical specialty 
(orthopaedic vs. non-orthopaedic) was performed using independent samples student’s t-
test.  
The relationship between STRESSOR and CD-RISC-10 scores was examined using 
linear regression. Correlation was performed to compare individual STRESSOR 
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subscores with CD-RISC-10. Multiple linear regression was used to study the 
relationship of STRESSOR against variables which were statistically significant during 
univariate analysis. For linear regressions, the normal distribution of residuals was 
verified with a p-p plot, and homoscedasticity was verified with a scatterplot of 
Standardized Predicted Values versus Standardized Residuals. STRESSOR and CD-
RISC-10 scores were compared against resident attitudes towards attrition using one-way 
Welch’s ANOVA and Spearman’s correlation. All correlations and t-tests were 
performed with two-tailed tests and a Bonferroni correction was applied where 
appropriate for multiple correlations. 
 
4.4 Results 
The survey was made available for two months and 171 responses were collected for a 36 
percent response rate. Of these, three subjects declined to participate, and a further three 
subjects were excluded for not having worked in the operating room environment in the 
six months prior to taking the survey. Thirty subjects only partially completed the survey, 
and 134 complete responses were obtained. Figure 4-1 shows the distribution of 
complete and incomplete responses obtained. Available responses were analyzed for 
descriptive statistics. Incomplete responses were excluded pairwise for correlation and 
regression analyses. The demographics of the subjects are shown in Table 4-2. 
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Figure 4-1: Distribution of excluded, incomplete, and complete survey responses. 
  
171 responses 
164 responses analyzed 
3 declined to participate 
16 responses that 
completed less than 1/3 of 
the survey 
 
1 response that completed 
STRESSOR but didn’t 
complete CD-RISC-10 
 
13 responses that 
completed CD-RISC-10 but 
didn’t complete STRESSOR 
 
4 excluded as did not work 
in OR in past six months 
134 complete responses 
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Table 4-2: Demographics of subjects who responded to the survey. 
Age   Number Percentage 
  18-24 2 1.22 
  25-29 74 45.12 
  30-34 69 42.07 
  35-39 17 10.37 
  40+ 2 1.22 
Gender     
  Male 109 66.46 
  Female 55 33.54 
Level of Training     
  PGY-1 28 17.18 
  PGY-2 34 20.86 
  PGY-3 33 20.25 
  PGY-4 26 15.95 
  PGY-5 26 15.95 
  PGY-6+ 3 1.84 
  Clinical Fellow 13 7.98 
Surgical Specialty     
  
Orthopaedic 
Surgery 
117 71.78 
  General Surgery 14 8.59 
  Plastic Surgery 6 3.68 
  Urology 6 3.68 
  Otolaryngology 5 3.07 
  
Obstetrics and 
Gynecology 
5 3.07 
  Neurosurgery 4 2.45 
  Cardiac Surgery 3 1.84 
  Vascular Surgery 2 1.23 
  Thoracic Surgery 1 0.61 
 
4.4.1 What is the variation in experiences of intraoperative stress 
and stress coping mechanisms in surgical trainees? 
Subjects were asked to rate the three greatest sources of stress they experienced in the 
operating room. As shown in Figure 4-2, time pressure, attending temperament, and 
being paged were rated as the three highest intraoperative stressors. Making an error, 
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fatigue, surgical complications, high risk patient, teamwork issues all scored as lesser 
stressors, respectively. Other responses collected include feeling unprepared or a lack of 
personal time. 
 
Figure 4-2: The sources of intraoperative stress. 
Subjects were also asked to report the stress coping strategies that they found the most 
helpful. As shown in Figure 4-3, the three strategies reported as most useful are team 
communication (talking through a problem out loud), having a colleague or fellow 
available to answer questions, or mental rehearsal. 
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Other
Teamwork Issues
High Risk Patient or Surgery
Complications
Fatigue
Making an Error
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Attending Temperament
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Frequency of being reported in top three sources of stress
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Figure 4-3: The most useful stress coping strategies. 
The STRESSOR instrument was completed by 135 respondents. The mean STRESSOR 
score was 22.5 (SD = 4.4), with higher scores indicating greater intraoperative stress and 
a theoretical maximum score of 40. The distribution of STRESSOR scores is shown in 
Figure 4-4. Normality testing using a Q-Q plot (Appendix C, Figure C-1) and a 
Shapiro-Wilk test (p=0.935) show excellent fit with a normal distribution, suggesting that 
STRESSOR may be treated as a parametric variable for this study.  
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Figure 4-4: Histogram of STRESSOR scores. 
Subscores were calculated for each of the eight domains of stress in the STRESSOR 
instrument. The median scores and interquartile range are shown in Figure 4-5. 
However, normality testing on the individual subscores for the eight domains of stress 
show that most of these subscores do not fit a normal distribution, as seen in Table 4-3. 
The domains which are the most frequent sources of stress are time pressure, 
intraoperative disruptions, and attending temperament.  
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Figure 4-5: STRESSOR subscores by domain of intraoperative stress. 
 
Table 4-3: Normality testing of STRESSOR subscores for the eight domains of stress. 
Note that a significance <0.05 suggests a non-normal distribution. 
  Shapiro-Wilk Test 
Domain of Stress Statistic p-value 
High Risk Patient or 
Surgery 
0.961 0.001 
Surgical Complications 0.969 0.004 
Disruptions 0.981 0.057 
Time Pressure 0.971 0.005 
Fatigue 0.974 0.010 
Making an Error 0.987 0.221 
Teamwork Issues 0.972 0.006 
Attending Temperament 0.987 0.214 
1
2
3
4
5
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4.4.2 What is the variation in resilience in surgical trainees? 
The CD-RISC-10 instrument was completed by 147 subjects, and the mean resilience 
score was 28.8 (SD=4.4). Three subjects scored the maximum score of 50. The 
distribution of CD-RISC-10 scores is shown in Figure 4-6. Normality testing using a Q-
Q plot (Appendix C, Figure C-2) and a Shapiro-Wilk test (p=0.331) show an excellent 
fit with a normal distribution, suggesting that CD-RISC-10 may be treated as a 
parametric variable for this study.  
 
 
Figure 4-6: Histogram of CD-RISC-10 scores. 
The reliability of the CD-RISC-10 was high in this population of surgical trainees, with a 
Cohen’s alpha of 0.85. Exploratory factor analysis for the CD-RISC-10 items was 
performed using maximum likelihood and orthogonal rotation and a single factor solution 
was the preferred solution. The initial Eigen values showed that the first factor explained 
43.9 percent of the variance, the second factor 11.4 percent of the variance, and the third 
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factor 9.8 percent of the variance. The scree plot (Appendix C, Figure C-3) showed a 
“levelling off” of the Eigen values after the first factor, and a two-factor solution 
demonstrated significant cross-loading above 0.3 on three items. A single factor solution 
had good fit and the table of loading factors is seen in Appendix C, Table C-1. 
Correlation testing using Pearson’s correlation demonstrates that resilience is 
independent of age (r=0.09, p=0.285). Increasing year of training is weakly correlated 
with higher resilience (r=0.188, p=0.023). Males have higher CD-RISC-10 scores 
(mean=29.6, SD=4.9) than females (mean=27.3, SD=5.0); t(145)=2.72, p=0.007). 
Orthopaedic trainees have higher CD-RISC-10 scores (mean=29.5, SD=5.0) than trainees 
in non-orthopaedic surgical specialties (mean=27.2, SD=4.7); t(145)=2.52, p=0.013. 
These results show that males have slightly higher resilience than females, and 
orthopaedic trainees have slightly higher resilience than trainees in other surgical 
specialties. 
 
4.4.3 What is the relationship between stress and resilience in this 
population? 
Linear regression was used to study the relationship between intraoperative stress 
(STRESSOR score) and resilience (CD-RISC-10 score). Increased resilience is associated 
with lower intraoperative stress and this relationship is moderate in strength but highly 
statistically significant (F(1,132)=24.17, p<0.001, R2=0.155), as seen in Figure 4-7. The 
p-p plot (Appendix C, Figure C-4) shows an appropriate distribution of the residuals. 
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Figure 4-7: Scatterplot showing the relationship between intraoperative stress 
(STRESSOR score) and resilience (CD-RISC-10 score). This relationship is statistically 
significant (p<0.001, R2=0.155). Note that the vertical and horizontal scores are based on 
the absolute value of the STRESSOR and CD-RISC-10. 
To further understand the nuances of the relationship between intraoperative stress and 
resilience, we examined each of the STRESSOR subscores through Spearman's 
correlation as the residuals are not normally distributed. Spearman’s coefficients are 
presented in Table 4-4. Increasing resilience is associated with lower stress in each of the 
domains of stress except Teamwork Issues and Disruptions. 
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Table 4-4: Correlations (Spearman’s rho) between resilience (CD-RISC-10) and 
STRESSOR subscores for each of the eight domains of stress. With a Bonferroni 
correction, the relationships marked with an asterisk (*) are statistically significant 
(p<0.0063). 
  
Spearman's 
Coefficient p-value 
High Risk Patient 
or Surgery 
-0.315 <0.001* 
Surgical 
Complications 
-0.373 <0.001* 
Disruptions -0.195 0.024 
Time Pressure -0.257 0.003* 
Fatigue -0.355 <0.001* 
Making an Error -0.297 <0.001* 
Teamwork Issues -0.153 0.078 
Attending 
Temperament 
-0.428 <0.001* 
 
4.4.4 How does this relationship vary by gender, age, and year of 
training? 
Univariate analysis using Pearson’s correlation showed that lower STRESSOR scores are 
statistically correlated to increasing level of training (r=-0.24, p=0.005). There is a trend 
between increasing age and lower STRESSOR scores, but this does not reach statistical 
significance (r=-0.16, p=0.061). There is no significant difference in the STRESSOR 
scores for males (mean=22.1, SD=4.7) versus females (mean=23.3, SD=3.4); 
t(133)=1.38, p=0.17. As well, there is no significant difference in the STRESSOR scores 
for orthopaedic trainees (mean=22.3, SD=4.2) compared to trainees in non-orthopaedic 
specialties (mean=23.1, SD=4.8); t(133)=1.00, p=0.32. This demonstrates that 
intraoperative stress is independent of gender or surgical specialty. 
Multivariate analysis with multiple linear regression identifies a significant regression 
equation (F(2,131)=15.35, p<0.001) with an R2 of 0.19. Both CD-RISC-10 (β=-0.32, 
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p<0.001) and level of training (β=-0.48, p=0.019) remain a statistically significant 
predictors of STRESSOR scores. Collinearity diagnostics show no collinearity between 
CD-RISC-10 and level of training, with a tolerance of 0.98. The p-p plot (Appendix C, 
Figure C-6) shows a normal distribution of the residuals. 
 
4.4.5 What is the relationship between resiliency, stress, and 
trainee attrition? 
In response to the statement “Because of the stress I have experienced while in the 
operating room, I have seriously considered switching residency programs or leaving 
medicine”, 16 percent of subjects responded with “strongly agree” or “somewhat agree”. 
The distribution of responses is seen in Table 4-5. 
Table 4-5: Distribution of responses to Likert-scale question item about the statement 
“Because of the stress I have experienced while in the operating room, I have seriously 
considered switching residency programs or leaving medicine.” 
Response Number Percent 
Strongly disagree (1) 74 55.2 
Somewhat disagree (2) 26 19.4 
Neutral (3) 12 9.0 
Somewhat agree (4) 15 11.2 
Strongly agree (5) 7 5.2 
STRESSOR and CD-RISC-10 scores were compared against resident attitudes towards 
attrition using one-way ANOVA analysis with a Welch correction because variances 
were not homogenous. Statistically significant differences were found between the 
different responses to trainee attrition compared to STRESSOR scores (F=6.95, 
p<0.001). As well, statistically significant differences were found between the different 
responses to trainee attrition compared to CD-RISC-10 scores (F=8.53, p<0.001). Plots of 
how the STRESSOR and CD-RISC-10 scores vary with different responses to the 
resident attrition question are seen in Figure 4-8, Figure 4-9, and Figure 4-10. Resident 
attrition is positively correlated to STRESSOR and negative correlated to CD-RISC-10 
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scores using Spearman’s rho, as seen in Table 4-6. This demonstrates that trainees with 
greater intraoperative stress or lower resilience are more likely to report wanting to leave 
their residency training program. 
 
 
Figure 4-8: A plot of STRESSOR scores versus responses to “Because of the stress I 
have experienced while in the operating room, I have seriously considered switching 
residency programs or leaving medicine.” 
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Figure 4-9: A plot of CD-RISC-10 scores versus responses to “Because of the stress I 
have experienced while in the operating room, I have seriously considered switching 
residency programs or leaving medicine.” 
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Figure 4-10: Plot of standardized STRESSOR and CD-RISC-10 scores against responses 
to item about trainee attrition. 
 
Table 4-6: Correlation (Spearman’s rho) of trainee desire to leave their residency 
program against intraoperative stress (STRESSOR) and resilience (CD-RISC-10) scores  
  
Spearman's 
correlation 
coefficient p-value 
STRESSOR 0.42 <0.001 
CD-RISC-10 -0.43 <0.001 
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The STRESSOR and CD-RISC scores for subjects who responded “strongly disagree” to 
the statement about resident attrition were compared against those who responded 
“somewhat disagree”. Using a post-hoc Dunnett’s C test with one-way ANOVA, 
statistically significant differences exist between the “strongly disagree” and “somewhat 
disagree” groups for both STRESSOR and CD-RISC scores (p<0.05). Interestingly, 
subjects who report that they “strongly disagree” with the statement about leaving 
residency have less stress and more resilience than subjects who responded “somewhat 
disagree”. 
 
4.5 Discussion 
Despite attempts to increase the response rate including emailed reminders, having the 
survey available for two months, and offering subjects an opportunity to enter a draw for 
a gift card, the response rate was limited in this study. A total of 171 responses to the 
survey were collected and 164 responses met inclusion criteria, with an overall response 
rate of 38 percent. The response rate among orthopaedic residents across Canada was 39 
percent, compared to 36 percent among surgical residents and fellows at Western 
University. There were a significant number of incomplete responses (30/164). There was 
no significant differences between the STRESSOR and CD-RISC-10 scores for 
incomplete responses compared to complete responses. We have reported the 
demographic information with as many subjects as possible, while only reporting 
comparisons between measures (such as the correlation between STRESSOR and CD-
RISC-10) when the data required is complete (pairwise deletion). This serves to 
maximize the use of available data while trying to maintain as representative a sample as 
possible. 
 Although the overall response rate was low, we were still able to collect sufficient 
responses to allow for statistical analyses to answer the research questions. However the 
results may be influenced by non-response bias, as individuals who did not complete the 
survey may have different resilience and intraoperative stress than those who participated 
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in the study. It is difficult to theorise whether stress and resilience in non-responders is 
higher or lower, or if individuals that chose not to participate were simply less interested 
in this research topic. 
4.5.1 Intraoperative Stress and Sources of Stress 
In this research we have surveyed surgical trainees to assess their experiences of 
intraoperative stress and their psychological resilience. We have developed and deployed 
a novel instrument (STRESSOR) for the assessment of intraoperative stress in surgical 
trainees which has previously shown strong reliability and good validity. The range of 
STRESSOR scores in this study ranges from 11.3 to 34.3, with a mean score of 22.5. 
Normality testing shows excellent fit with a normal distribution, suggesting that 
STRESSOR may be treated as a parametric variable for this study and any future 
applications. However, most of individual subscores for the eight domains of stress do 
not fit a normal distribution and therefore caution should be used in analyzing these 
subscores independently of the total STRESSOR Score. The median STRESSOR 
subscores all fall between 2.50 and 3.33, suggesting a strong central clustering tendency 
which is a known effect with Likert scales.46 Nevertheless the STRESSOR instrument 
has good performance with a useful range of responses for each of the subscores. 
The three highest average STRESSOR subscores are time pressure, intraoperative 
disruptions, and attending temperament, suggesting that these are the three most frequent 
sources of stress experienced by subjects. This matches the three greatest sources of 
stress as ranked by subjects of time pressure, attending temperament, and being paged. 
While it is quite likely that the most frequent stressors are also the greatest sources of 
stress, this may also be influenced by recall bias. Subjects are more likely to remember 
and report based on more recent experiences or experiences associated with a strong 
emotional response.9,47 
The greatest sources of stress for surgical trainees found in this study are among the 
stressors reported in previous studies. Wetzel et al.2 included “time pressure” and 
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“distractions” as sources of stress in surgeons and trainees, but did not assess the severity 
of different stressors. Anton et al.3 asked trainees to rate the severity of stress associated 
with different sources of stress. “Time pressure”, “Rarely performed procedure”, and 
“Technical challenge” were the stressors most frequently reported as “extremely 
stressful”, while “Multitasking” was the stressor least reported as “extremely stressful”. 
Trainees specifically identified “issues with attending surgeon” as a significant source of 
stress but did not assess the severity of this stressor. Therefore the severity of stressors 
identified in this study are different than those previously studied, but this may be 
explained by the differences in methodology. 
This study and the STRESSOR instrument focuses on acute stress in the operating room 
specifically. Generalized chronic stress and the consequences of chronic stress, such as 
depression and burnout, have not been assessed. Moreover, while the STRESSOR 
instrument asks trainees about their experiences of stress over the past six months, it has 
not been compared or correlated with other measures of stress. Further research should 
compare STRESSOR against other measures of stress such as Perceived Stress Scale48 or 
the Job Stress Scale49. It would also be interesting to see how the STRESSOR compares 
to objective measures of stress such as heart rate variability50,51 or salivary cortisol 
levels52. 
4.5.2 Stress Coping Mechanisms 
The three stress coping mechanisms that have been reported as the most useful are team 
communication (talking through a problem out loud), having a colleague or fellow 
available to answer questions, or mental rehearsal / pre-visualizing steps. These coping 
mechanisms have previously been reported in the literature as useful to surgeons and 
trainees. Wetzel et al.2 emphasized the importance of team communication and leadership 
in dealing with high-stress intraoperative situations. Team communication and mental 
rehearsal were also reported as useful stress coping strategies by surgical trainees in the 
study by Anton et al.3  
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Although other studies of surgical trainees have not reported on the role of discussing the 
case with a colleague or surgical fellow, this coping strategy was strongly identified in 
the initial focus groups and therefore included in the answer choices for this study. Help-
seeking behaviour by attending surgeons has previously been studied by Novick et al.53 
Attending surgeons reported the importance of asking colleagues for help for technical 
assistance as well reassurance regarding decision making. In this study, trainees felt 
reassured by having someone other than their attending available to answer questions. 
This highlights the hierarchical nature of medical training and the apprehension that 
learners can have about being judged for asking questions.54 It remains critical for 
attendings to create a safe learning environment where trainees feel comfortable asking 
for help when required. 
There is strong evidence for the effectiveness of mental rehearsal for improving operative 
performance and decreasing intraoperative stress. Mental rehearsal is the systematic and 
detailed mental rehearsal of surgical steps without actually performing them. Wetzel’s 
study in 2011 found that surgeons who received education on stress management 
techniques and mental rehearsal training had significantly lower stress and better 
teamwork than the control group.55 Arora’s 2011 randomized control study on novice 
surgeons found that mental rehearsal improved technical performance and decreased 
subjective stress, heart rate, and salivary cortisol.56,57 
4.5.3 Psychological Resilience 
In this study, the mean CD-RISC-10 score in surgical trainees is 28.8 (SD=4.4). In 
comparison, the mean CD-RISC-10 in the general US adult population is 31.8 
(SD=5.4).58 Similarly, Rahimi et al.59 found that the mean CD-RISC-10 in Canadian 
medical students was 29.7. Therefore surgical trainees in this study were not more 
resilient than the general population or Canadian medical students. The finding that males 
have slightly higher resilience than females in this study reflects the results of a previous 
study of medical students.59 
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While surgical trainees experience significant stress, their psychological resilience is not 
particularly high. This finding is interesting and somewhat surprising because there is 
pre-existing literature demonstrating that a surgical personality may exist. Surgeons have 
been found to have greater Tough-Mindedness than general practitioners and 
anesthesiologists, suggesting that surgeons are less likely to be swayed by emotions.60 
Compared to other physicians, surgeons and surgical residents have higher levels of 
extraversion and conscientiousness, and lower levels of neuroticism.61–64 Surgeons have 
also been shown to have higher levels of aggression than internists.65,66 In two studies 
comparing specialties using the Psychopathic Personality Inventory, surgery ranked 
among top two highest scoring specialties.67,68 These personality differences are even 
seen before surgical residency, as medical students who choose a surgical residency have 
higher self-esteem, a greater internal locus of control, and lower experienced stress than 
their non-surgically interested colleagues.69 However, while surgery as a profession may 
encourage the self-selection of psychologically distinct individuals, surgical trainees are 
actually less resilient than the general population and Canadian medical students. The 
myth of the superhuman surgeon may not extend to psychological resilience, and surgical 
trainees are not more resilient than other medical trainees. 
4.5.4 Stress and Resiliency 
We began this study by hypothesizing that increased trainee resilience is correlated with 
decreased intraoperative stress. Our hypothesis was upheld, with increasing resilience as 
measured by CD-RISC-10 correlating with decreased STRESSOR scores. This 
relationship was highly statistically significant (p<0.001), but moderate in strength      
(r=-0.39). Therefore resilience is moderately protective against intraoperative stress. This 
matches the findings of other studies in the literature, with resilience protective against 
perceived stress in medical students59 and against post-traumatic stress symptoms in 
surgeons70. As well, increasing year of training was shown to be protective against 
intraoperative stress, independent of resilience. This suggests that more experienced 
surgical trainees find the operating room to be less stressful, perhaps through the 
development of improved stress coping mechanisms. 
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Resilience is negatively correlated with STRESSOR subscores in each of the domains of 
stress. Therefore greater resilience is associated with less stress in each of the domains of 
intraoperative stress, but the magnitude of the relationship varies. The weakest 
correlation is between resilience and teamwork issues. This may be because it is difficult 
for a surgical trainee to moderate conflict between other members of the surgical team, 
such as between the attending physician and the anesthesiologist. In contrast, higher 
resilience is most strongly correlated with less stress from attending temperament. This 
may be because more resilient individuals feel more confident in their self-worth 
independent of their relationship with their attending and are less affected by criticism 
from their attending. Resilience has been shown to be associated with internal attributes 
including self-efficacy, an internal locus of control, and emotional stability, as well as 
external attributes including supportive relationships and family cohesion.71,72 These 
factors help explain why more resilient individuals are distinctly less stressed by their 
attending’s mood or reactions. 
If resilience is modifiable and increased resilience is protective against stress, then 
resilience training interventions may be valuable for decreasing stress and the effects of 
stress. Multiple studies have examined resilience training interventions such as cognitive 
behavioral therapy or mindfulness training. Although there is substantial variation in the 
content, delivery, and duration of studied interventions, a recent meta-analysis showed 
that resilience training is beneficial for increasing resilience, decreasing stress, and 
reducing depression.73 Similarly, a systematic review of resilience training in the 
workplace showed that resilience training can improve resilience, self-efficacy, and 
reduce stress, depression, and anxiety.74 Resilience training for physicians, including 
facilitated discussion groups and cognitive behavioural training, has been shown to be 
effective.75 A study of medical residents showed a trend towards decreased depression 
and anxiety in female and junior residents after mindfulness-based resiliency training.76 
Therefore physicians and medical trainees also benefit from increased resilience, and it 
has been suggested that resilience should be selected for and specifically taught to 
medical students77.  
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4.5.5 Trainee Attrition 
Voluntary resident attrition is common, with rates of 17 to 26 percent found in the 
literature over a 5 to 7-year residency.36,37,78 A study of general surgery residents found 
that 58 percent of subjects had seriously considered quitting residency at some point.35 In 
this study, 16 percent of subjects responded that they had seriously considered leaving 
their residency program because of intraoperative stress specifically. Although the two 
samples may be dissimilar, the difference in these two rates of seriously considering 
quitting residency may be because residents often leave for reasons other than 
intraoperative stress. Work-life balance and career prospects have been identified the 
primary reasons for resident attrition in Canadian surgical residents.36 However, this 
study is the first comparing intraoperative stress and trainee attrition. 
In this study, increased intraoperative stress and wanting to leave residency are 
moderately correlated, and decreased resilience is also moderately correlated with trainee 
attrition. However, our instrument for assessing trainee attrition is blunt, with only a 
single 5-point scale item. This markedly limits the degree to which this study explores 
resident attrition. The large variation in responses suggests that subjects may interpret the 
same question in different ways. As well, subjects who report that they “strongly 
disagree” with the statement about leaving residency have less stress and more resilience 
than subjects who responded differently (Figure 4-10). Thus respondents who select 
“strongly disagree” may be distinct from other subjects in this study, and further study is 
needed to explore attitudes towards trainee attrition. Therefore, future work exploring 
intraoperative stress, resilience, and attrition should utilize a more robust instrument for 
resident attrition. Moreover, by surveying residents who have not left their training 
program, this study is attempting to draw conclusions only from the surviving residents. 
In order to truly understand trainee attrition, the subjects of future research should be 
residents who have left a surgical training program. Studying the resilience of individuals 
who have actually left their residency program and comparing those results to this study 
would allow a better exploration of the relationship between resilience and trainee 
attrition. 
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4.6 Conclusion 
Stress remains a constant and important factor in the daily lives of surgical trainees, 
particularly in the operating room. In this study, a novel instrument to assess 
intraoperative stress has been distributed as part of a national survey on stress and 
resilience in surgical trainees. Time pressure, intraoperative disruptions, and attending 
temperament were rated as the greatest and most common stressors. Surgical trainees are 
not more resilient than other medical trainees or the general population. In keeping with 
the original hypothesis of this study, trainee resilience is moderately protective against 
intraoperative stress and against residents wanting to leave their surgical residency. 
Therefore interventions to increase resilience may be useful for reducing intraoperative 
stress and resident attrition. 
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Chapter 5  
5 Discussion and Conclusions 
5.1 Introduction 
Intraoperative stress is a ubiquitous and important part of the learning environment for 
surgical trainees. Residents and fellows in surgery face stress from a variety of sources as 
they attempt to learn and perform technically demanding tasks. Excessively high stress is 
linked with impaired technical and non-technical performance in surgeons and trainees 
and also has adverse effects on learning. However, psychological resilience allows some 
individuals to thrive in spite of stress and adversity. Resilience in physicians is 
modifiable and resilience training is beneficial for decreasing stress and improving 
quality of life. This study has examined the stress that surgical trainees experience in the 
operating room through the development of a new instrument. The relationships between 
intraoperative stress and resilience were explored. Furthermore, trainee attitudes towards 
leaving their training program were explored and compared to stress and resilience. This 
research provides a deeper understanding of intraoperative stress and resilience, which 
allows for recommendations to reduce resident attrition while improving trainee 
performance and learning. 
 
5.2 Intraoperative Stress and its Measurement 
In this research project, we began by wanting to study stress and resilience but identified 
the need for an instrument to assess intraoperative stress in surgical trainees. We have 
described and quantified how learners experience intraoperative stress through the 
development and use of the Surgical TRainee Experiences of StresS in the Operating 
Room (STRESSOR) instrument. The reliability and validity of this instrument have been 
demonstrated, as seen in Chapter 3. STRESSOR should be incorporated into future 
studies on intraoperative stress in surgical trainees. However, the reliability and validity 
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of STRESSOR should continue to be analyzed in future studies to provide the benefit of a 
larger sample size and to assess its psychometric properties in different populations (such 
as medical students in the operating room).  
This research project and the STRESSOR instrument have focused on exploring acute 
stress in the operating room. Generalized chronic stress and its effects, including burnout, 
have not been addressed in this research. How intraoperative stress correlates with 
generalized stress and mental health in trainees is beyond the scope of this research and is 
a field for future study. STRESSOR should also be compared to instantaneous measures 
of intraoperative stress such as the State-Trait Anxiety Index (STAI)1 or objective 
measures such as heart rate variability2,3 or salivary cortisol levels.4 
The eight domains of stress identified in this study form a useful structure for 
understanding intraoperative stress in surgical trainees. These eight domains are: High 
Risk Patient or Surgery, Surgical Complications, Disruptions, Time Pressure, Fatigue, 
Making an Error, Teamwork Issues, and Attending Temperament. While other studies 
have assessed causes of stress in trainees, none have divided the multitude of stressors 
into distinct domains. The three stressors identified as most severe and most frequent 
were time pressure, intraoperative disruptions, and attending temperament. 
Understanding the multi-factorial causes of why trainees experience stress and anxiety 
during surgery may help residency programs develop interventions to address these 
stressors while improving trainee coping skills. 
 
5.3 Stress Coping Mechanisms 
In this study, the three most useful stress coping mechanisms identified are team 
communication (talking through a problem out loud), having a colleague or fellow 
available to answer questions, or mental rehearsal / pre-visualizing steps. These stress 
coping mechanisms have also been reported in prior studies of surgeon and trainee 
stress.5,6 There is strong evidence demonstrating the effectiveness of mental rehearsal for 
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decreasing intraoperative stress and improving performance.7–9 However, it is interesting 
to note that the stress coping strategies that are most helpful don’t necessarily correlate 
with the greatest sources of stress. For example, despite intraoperative disruption being a 
high source of stress, “having a nurse answer the pager” is only a moderately scored 
coping mechanism. Similarly, teamwork issues were a low source of stress, but team 
communication is rated as the most useful stress coping mechanism. This suggests that 
stressors for which good coping skills are already utilized are rated as less stressful, while 
issues that residents do not have strategies to manage are likely to be rated as more 
stressful. 
The effectiveness of “having a colleague available to answer questions” as a stress coping 
mechanism is not surprising. Asking colleagues for help has been identified by attending 
surgeons as useful for technical assurance and reassurance regarding decision making.10 
However, in the hierarchical establishment of surgical training, learners can have high 
apprehension about being judged for asking questions.11 Surgical trainees may find it 
useful to seek out other residents or colleagues to answer questions because it provides a 
neutral perspective without the fear of being judged by the attending surgeon. Therefore 
the attending physician retains an important role and can reduce resident stress by 
providing a safe learning environment where trainees feel comfortable asking for help 
when required. 
 
5.4 Resilience 
Resilience was assessed in this study using the ten-item Connor-Davidson Resiliency 
Scale (CD-RISC-10), which has been previously validated in multiple studies.12,13 Most 
surgical trainees are highly resilient when compared to the general population14 or to 
Canadian medical students.15 This matches prior studies demonstrating that a “surgical 
personality” may exist, with surgeons demonstrating higher levels of extraversion and 
conscientiousness, lower levels of neuroticism, and high stress immunity.16–20 These 
101 
 
 
 
differences begin even in medical school,21 suggesting that surgery as profession seems 
to encourage the self-selection of psychologically distinct and perhaps more resilient 
individuals. 
 
5.5 Relating Stress and Resilience 
This research project began with the hypothesis that resilience is protective against 
intraoperative stress. The results of the survey indicate that increasing resilience 
moderately correlates with decreased intraoperative stress, upholding our hypothesis. 
Resilience has been found to be protective against stress and anxiety in other populations, 
including young adults,22 athletes,13 medical students,15 and trauma surgeons.23 If 
increased resilience is protective against stress, then resilience training interventions can 
decrease stress and the negative impacts of high stress. Two reviews of the extensive 
literature on resilience training show that it is beneficial for improving resilience, self-
efficacy while decreasing stress, depression, and anxiety.24,25 Resilience training 
interventions, such as facilitated discussion groups or cognitive behavioural training, 
have been shown to be effective in physicians and residents.26,27 
 
5.6 Trainee Attrition 
Rates of voluntary attrition during surgical residency training have been reported to be as 
high as 18 to 26 percent.28–30 Trainees choose to leave their surgical residency program 
for a number of reasons, including work-life balance and career prospects.29 Attrition is a 
great concern for surgical training programs and program directors, as residents who 
leave create a shortage of workers to cover clinical duties and impact the harmony and 
morale of the remaining residents.31 The resident who leaves is also affected by the 
academic and financial challenges of seeking a new career path while sacrificing the time 
spent in the program they have left.32 
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In this study, subjects who had seriously considered leaving residency had significantly 
higher intraoperative stress and lower resilience. However, although the instrument used 
for assessing attrition in this study has been used in other studies of resident attrition, it 
was only a single 5-point Likert scale item. This limits the ability of this study to explore 
subject attitudes towards attrition. Subjects who “strongly disagree” with considering 
leaving their training program have less stress and higher resilience than other subjects, 
even compared to those who “somewhat agree” with the attrition statement. Therefore 
those that select “strongly disagree” may be distinct group from other subjects in this 
study, but the bluntness of the resident attrition instrument limits more detailed analysis.  
By only surveying trainees who have not left their training program, this study’s ability to 
draw conclusions about resident attrition is limited. Future work comparing resident 
attitudes towards attrition should utilize a more robust instrument, which could be created 
by adding additional question items. The design of such an instrument should include 
assessing individuals who have actually left a surgical training program. A deeper 
exploration of the relationship between resilience and trainee attrition should also 
compare the resilience of those who have left their residency program to trainees who 
have remained in their original training program. 
 
5.7 Implications for Surgical Training 
This study has significant implications in surgical training. Increased resilience correlates 
with lower intraoperative stress, which in turn has been linked to improved operative 
performance and learning. Given the benefits of increased resilience, surgical residency 
programs should consider resilience as an important variable during the selection of 
incoming residents. Changing the resident selection process to emphasize stress 
management skills and emotional intelligence has previously been shown to reduce 
surgical resident attrition.33 In addition, a number of authors have advocated including 
resilience and stress management training during residency to improve trainee 
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performance and mental health both within and outside of the operating room.27,34,35 
Training surgical residents on stress management strategies has been shown to reduce 
resident stress and improve surgical performance in a simulated carotid endarterectomy.9 
A pilot study is currently underway assessing the impact of mindfulness training on 
resilience, general stress, and cognitive performance in surgical interns.36  
Nevertheless, the average surgical resident remains highly resilient, and resilience 
training should not be used as a replacement for a supportive work environment.37 It is 
important to remember that resilience is a multi-dimensional construct, with important 
contributions from an individual’s social and work contexts.38 Intimidation and 
harassment remain common in medical training39 and are particularly prevalent in 
surgical specialties.40 In addition, mistreatment of trainees is associated with poor mental 
health including depression and burnout.41  
Qualitative interviews with residents who have left surgical residency have emphasized 
the scars left by negative interactions with authority and the lack of safe spaces to share 
concerns about the training process.32 In contrast, supportive relationships with faculty 
including mentors has been shown to be protective against resident attrition.42 Healthy 
attending behaviours including remaining calm and courteous, providing feedback 
without belittling, and being a positive role model have been associated with a positive 
learning environment.43,44 Therefore while resilience training can play a role in reducing 
intraoperative stress, a supportive learning environment remains critical for effectively 
teaching the next generation of surgeons. 
 
5.8 Conclusions 
Surgical trainees face stress from a number of sources in the operating room, and 
excessively high stress can impair surgical performance and adversely affect learning. In 
this research we have used qualitative methods to identify eight distinct domains of 
intraoperative stress: High Risk Patient or Surgery, Surgical Complications, Disruptions, 
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Time Pressure, Fatigue, Making an Error, Teamwork Issues, and Attending 
Temperament. These domains have formed the basis for the design of a novel instrument 
for assessing trainee intraoperative stress (STRESSOR), and the reliability and validity of 
this instrument have been shown through this research project. The intraoperative stress 
and resilience of surgical residents have been assessed using a national survey and the 
results have been analyzed. 
This project has explored the sources of stress and stress coping mechanisms that learners 
experience in the operating room, as well as measuring the resilience of surgical trainees. 
The three sources of stress which are the most frequent and the most severe are time 
pressure, intraoperative disruptions, and attending temperament. Stress coping strategies 
which are effective include team communication (talking through a problem out loud), 
having a colleague or fellow available to answer questions, or mental rehearsal / pre-
visualizing steps. Surgical trainees typically have high psychological resilience compared 
to the general population or to medical students. Resilience is higher in males than 
females and in orthopaedic trainees compared to trainees in non-orthopaedic surgical 
programs.  
We have upheld our primary hypothesis, which was that increasing resilience is 
correlated with lower intraoperative stress. Greater resilience and higher year of training 
are both correlated with less intraoperative stress in this study. Trainees who are less 
resilient or stressed in the operating room are more likely to consider leaving their 
surgical training program. Therefore resilience training may be useful for reducing 
intraoperative stress and resident attrition. However, resilience training does not replace 
the need for a supportive work environment. 
As stated by Sheryl Sandberg, “We are not born with a fixed amount of resilience. It is a 
muscle that everyone can build.”45 Resilience training has been shown to be effective for 
improving resilience and mental health in a variety of populations including physicians, 
residents, and medical students. Resilience training may play an important role in 
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improving the performance, learning, and quality of life for surgeons in training while 
reducing trainee attrition. 
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Appendix A: Surgical TRainee Experiences of StresS in the 
Operating Room (STRESSOR) Instrument 
31 questions assessing 8 domains of stress. Subjects are asked to respond based on frequency 
on 5-point Likert scale. Note: Items marked with an asterisk (*) are scored in reverse (almost 
never = 5, seldom = 4, sometimes = 3, often = 2, almost always = 1). 
Thinking back to your time as a resident/fellow in the operating room over the past six 
months, how often did you experience the following during surgery? 
1 = almost never, 2 = seldom, 3 = sometimes, 4 = often, 5 = almost always 
1. I was worried about how to handle difficult steps during an operation. 
2. I felt uncomfortable about the complexity of the surgical case. 
3. I was anxious during surgery because the patient was at a high risk of medical or surgical 
complications. 
 
4. When I wasn’t making progress while operating, I froze and couldn’t think of what to do 
next. 
5. I became frustrated when the surgery wasn’t going smoothly. 
6. I was able to remain calm despite complications happening during a surgery.*  
 
7. I felt frustrated about intraoperative disruptions (eg/ pager, phone call, case-irrelevant 
conversations). 
8. I felt anxious when my pager went off while I was operating. 
9. I worried about what I was being paged/called about. 
10. I was able to cope well with interruptions while operating.* 
 
11. I worried about making errors when pressured to be faster while operating. 
12. I was afraid of being penalized for being too slow when operating. 
13. I felt under pressure when the operating room was running behind schedule. 
14. I was able to recognise when to slow down while operating.* 
 
15. I felt unprepared to operate when I stayed in the OR post-call. 
16. I worried about making errors while operating because I was tired. 
17. I felt able to judge whether I was too tired to safely operate.* 
18. I felt confident in my ability to operate, even though I was hazy from being tired.* 
 
19. I felt anxious about making an error that would harm the patient while operating. 
20. I obsessed for a long time over an error I made when operating. 
21. I felt like a failure after making a surgical error. 
22. I struggled to cope with my emotions after a patient suffered from an error I made while 
operating. 
 
23. I found it stressful when my attending and the anesthesiologist weren’t getting along. 
24. I felt anxious when my attending spoke harshly to the nurses during surgery. 
25. I felt uncomfortable because of conflict between my attending and other learners in the 
operating room. 
26. I struggled to remain calm when nurses were unhelpful while I was operating. 
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27. I had difficulty operating because I felt stressed by my attending’s mood. 
28. I froze when my attending criticized me during an operation. 
29. I worried about being shamed for making an intraoperative error. 
30. I worried about how I was being judged during an operation. 
31. I felt comfortable admitting when I didn’t know what to do while operating.* 
 
  
112 
 
 
 
Appendix B: Survey 
 
Note: this survey was distributed electronically using Qualtrics. All responses were 
collected anonymously. 
 
 
Letter of Information and Consent 
 
 
Title: Surgical Trainee Resiliency and Experiences of StresS in the Operating Room 
(STRESSOR) 
 
Principal Investigator: 
Dr. Brent Lanting, MD, MSc, FRCSC 
 
Co-Investigators: 
Dr. Richard Ng, MD, FRCSC 
Dr. James Howard, MD, MSc, FRCSC 
Dr. Saad Chahine, PhD 
 
Invitation to Participate in Research: 
You are being invited to participate in a study designed to explore the resiliency, experiences of 
stress, and coping mechanisms that surgical trainees face in the operating room. You were 
selected to participate in this study because you have been identified as surgery resident or 
clinical fellow in Canada. Please read this letter carefully and feel free to ask any questions if 
anything is unclear. 
  
Study Information: 
The purpose of this study is to assess the causes and experiences of intraoperative stress among 
surgical trainees and identify the coping mechanisms that trainees use. Psychological resilience 
will also be assessed to identify any correlation with intraoperative stress levels and coping 
mechanisms. This study will be useful in designing interventions to improve the performance and 
education of surgical trainees. There will be two arms of the study to investigate intraoperative 
stress in different populations of trainees. One arm will include all orthopaedic residents and 
clinical fellows in Canada, and the other will include all surgery residents and clinical fellows in 
select specialties at the University of Western Ontario. Surgical trainees will be invited to 
participate in this study if permission is granted from their residency program director / fellowship 
director. 
  
Voluntary Participation: 
Your participation in this study is voluntary. You may decide not to be in this study, or to be in the 
study now and then change your mind later. You may choose to not participate or to leave the 
study at any time without affecting your academic standing or training evaluations. You may 
refuse to answer any question you do not want to answer. If you wish to withdraw from the study 
after submitting the survey form, please contact Dr. Richard Ng within 2 weeks of survey 
submission with the date and time of your survey submission. 
 
You do not waive any legal rights by starting the survey. 
 
What are the responsibilities of the study participants? 
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If you agree to participate in this study, you will be asked to complete an online survey that should 
take 10-15 minutes. This survey will ask you questions about your experiences in the operating 
room, including stresses and coping mechanisms you use when you experience stress. After 
completing the survey you will be asked if you want to submit your email to participate in a draw 
for a $50 gift card. 
 
What are the risks of participating in this study? 
There are no risks to participation in this study. Your participation is voluntary and you may 
choose to not answer questions that you are not comfortable with. You may withdraw from the 
study if you contact us within 2 weeks of submitting the survey. 
 
What are the benefits of participating in this study? 
There are no direct benefits to participating in this study. The information gained from this study 
will be useful for designing interventions to reduce the stress of trainees to improve their surgical 
education and performance. 
 
Confidentiality 
The surveys are hosted by Qualtrics on Western University servers and all data collected in this 
study will be stored for 15 years after which it will be destroyed according to approved policies. 
Your demographic information including age, gender, year of training, and site of training will be 
collected in this survey to be used for data analysis and reporting in aggregate. 
  
You may choose to submit your email at the end of the survey for entry into a prize draw for a $50 
gift card to the retailer of your choice. These email addresses will be kept confidential and not 
revealed to anyone outside the study team. 
  
Whom do participants contact for questions? 
If you have questions about this study, please contact Dr. Richard Ng. 
If you have any questions about your rights as a research participant or the conduct of this study, 
you may contact the Office of Human Research Ethics. 
 
By starting this survey, you indicate that you have read the letter of information above and 
consent to participate in this study. 
 
a. I have read the information above and consent to participating in this study. 
b. No, I decline to participate 
 
 
1.) What is your age? 
a. 18-24 
b. 25-29 
c. 30-34 
d. 35-39 
e. 40+ 
 
2.) What is your gender? 
a. Male 
b. Female 
c. Another 
d. Prefer not to say 
 
3.) What is your current level of training? 
a. PGY-1 
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b. PGY-2 
c. PGY-3 
d. PGY-4 
e. PGY-5 
f. PGY 6+ 
g. Clinical Fellow 
 
4.) Have you worked in the operating room in the past 6 months? 
a. Yes 
b. No 
 
5.) Please identify your surgical specialty. 
i. Cardiac Surgery 
ii. General Surgery 
iii. Neurosurgery 
iv. Obstetrics and Gynecology 
v. Ophthalmology 
vi. Orthopaedic Surgery 
vii. Otolaryngology 
viii. Paediatric Surgery 
ix. Plastic Surgery 
x. Thoracic Surgery 
xi. Urology 
xii. Vascular Surgery 
 
 
6.) (Only available if Orthopaedic Surgery was selected) 
Please identify your site of training 
i. University of British Columbia 
ii. University of Alberta 
iii. University of Calgary 
iv. University of Saskatchewan 
v. University of Manitoba 
vi. University of Western Ontario 
vii. McMaster University 
viii. Northern Ontario School of Medicine 
ix. University of Toronto 
x. Queen’s University 
xi. University of Ottawa 
xii. McGill University 
xiii. Dalhousie University 
xiv. Memorial University 
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7.) What are the three most severe causes of stress that you have experienced while 
in the operating room? 
a. Please select 3 from the list below, or if not listed, include in "Other” 
i. My pager or phone going off 
ii. Fatigue 
iii. Surgical errors that I made 
iv. My attending’s temperament 
v. Interpersonal conflict between surgical staff and nursing/anesthesia 
vi. Interpersonal conflict between myself and my attending 
vii. Time / Pressure to be faster 
viii. Complex Case / High Risk Patient 
ix. Complications during surgery 
x. Other _________________ 
 
 
8.) What are the three things that you find most helpful for dealing with stress in the 
operating room? 
a. Please select 3 from the list below, or if not listed, include in "Other” 
i. Mental rehearsal / pre-visualizing steps 
ii. Stopping and standing back / pausing to recollect 
iii. Deep breathing / relaxation exercises 
iv. Self-talk (“you can do this”) 
v. Team communication / talk through the problem out loud 
vi. Slowing down 
vii. Having alternative plans/options for difficult steps (Plan B, Plan C, etc.) 
viii. Nurses answering my pager 
ix. Having a colleague / fellow available to answer questions during surgery 
x. Other _________________ 
 
 
9.) Connor-Davidson Resilience Score – 10 items (CD-RISC-10) 
 
Due to copyright restrictions this scale cannot be reproduced here. 
 
 
10.) Surgical TRainee Experiences of StresS in the Operating Room (STRESSOR) 
Instrument 
 
Please refer to Appendix A. 
 
 
11.) Because of the stress I have experienced while in the operating room, I have 
seriously considered switching residency programs or leaving medicine. 
 
1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree 
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Appendix C: Statistical Plots and Tables 
 
Figure C-1: Q-Q plot of STRESSOR scores showing a close fit with a normal 
distribution. 
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Figure C-2: Q-Q plot of CD-RISC-10 scores showing a close fit with a normal 
distribution. 
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Figure C-3: Scree plot for exploratory factor analysis of CD-RISC-10 scores. 
Table C-1: Factor loadings with a single-factor solution for exploratory factor analysis 
for the CD-RISC-10 items in this population. 
CD-RISC-10 
Item 
Factor 
Loading 
1 0.56 
2 0.56 
3 0.45 
4 0.46 
5 0.66 
6 0.73 
7 0.65 
8 0.70 
9 0.75 
10 0.56 
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Figure C-4: p-p plot showing a normal distribution of residuals for the linear regression 
of STRESSOR against CD-RISC-10. 
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Figure C-5: A scatterplot of Standardized Predicted Values versus Standardized 
Residuals for the linear regression of STRESSOR versus CD-RISC-10. This plot 
demonstrates homogenous variance of residuals (homoscedasticity). 
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Figure C-6: p-p plot showing a normal distribution of residuals for the multiple linear 
regression of STRESSOR against CD-RISC-10 and year of training. 
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Figure C-7: A scatterplot of Standardized Predicted Values versus Standardized 
Residuals for the multiple linear regression of STRESSOR versus CD-RISC-10 and year 
of training. This plot demonstrates homogenous variance of residuals (homoscedasticity). 
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